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This thesis work focuses on developing facile, low-cost, and environmentally friendly 
reactions, specifically the iron and iodine-mediated reactions, including (1) iron-catalyzed 
reductive ring-opening of 3,5-disubstituted isoxazoles and isoxazolines in aged N-methyl-2-
pyrrolidone (NMP*), (2) iodine-mediated C-N bond cross-coupling reactions between amides and 
aldehydes, and (3) ICl-mediated functionalization of β-alkoxy alkynes – synthesis of α-iodo-γ-
chloro-ketones. 
 
Chapter I provides a background introduction on previous synthesis and applications of β-
enaminones and 1,3-diketones that play as synthons or ligands. Ring-openings of heterocycles, 
such as isoxazoles and isoxazolines have attracted great attentions. A newly developed iron-
catalyzed reductive system was established upon our previous palladium-catalyzed research. 3,5-
Disubstituted isoxazoles and isoxazolines as starting materials undergo an iron-catalyzed reductive 
ring-opening in aged N-methyl-2-pyrrolidone (NMP*). 5-Hydroxy-N-methyl-2-pyrrolidone that is 
generated in situ via a simple activation of commercial NMP acts as the hydrogen donor in the 
iron-catalyzed transfer hydrogenation reaction. This is the first attempt employing a combination 
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of an iron catalyst and 5-hydroxy-N-methyl-2-pyrrolidone as reducing agents in a transfer 
hydrogenation reaction. The protocol was highly efficient for the synthesis of β-enaminones and 
1,3-diketones, providing a versatile route for the preparation of these 1,3-difunctional compounds 
bearing diversified substitution patterns.  
 
Chapter II presents the introduction about general synthetic methods for iodine-mediated C-N 
bond cross-coupling reactions. Our work employs TBAI and K2S2O8 as catalysts to tackle the 
challenge of C-N bond cross-coupling between amides and aldehydes. An oxidative N-acylation 
occurred between amides and aldehydes. However, another unexpected N-formylation was 
observed between amides and p-anisaldehyde. It was processed through a phenyl group migration 
of the peroxosulfate intermediate. The reaction was catalyzed by tetrabutylammonium 
peroxydisulfate which is the active peroxide. The tetrabutylammonium peroxydisulfate was 
generated from the combination of TBAI and K2S2O8 and was readily soluble in various organic 
solvents. These reactions feature several advantages, including the facile and mild conditions, 
various substrate scopes, and high compatibility for the formation of imides and formyl imides. In 
addition, the formation of quinazolinones between 2-aminobenzaimdes and aldehydes in the 
presence of TBAI and K2S2O8 was reported as well. 
 
Chapter III describes a brief introduction about α-halogenated carbonyl compounds and 1,3-
dihalogenation. ICl-mediated functionalization of β-alkoxy alkynes is first reported and provides 
much more chemistry opportunities. The α-iodo-γ-chloro-ketones were formed from alkoxy 
alkynes at low temperature. In addition, the corresponding cyclization products, i.e., furans, were 
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Iron-Catalyzed Reductive Ring-opening of 3,5-Disubstituted Isoxazoles and 
Isoxazolines in Aged N-Methyl-2-pyrrolidone 
 
1.1 Introduction 
The 1,3-difunctional framework – enaminones are powerful synthons in synthetic 
chemistry. In general, four synthetic methods can be used to obtain enaminones including 
condensation reactions1, additions reactions2, acylation of enamines3, and cleavage of 
heterocycles4. Previous studies have extensively investigated the involvement of the cleavage of 
heterocycles, especially in the reductive ring-opening reactions of isoxazoles and isoxazolines5. 
Both products of the ring-opening reactions - β-enaminones and 1,3-diketones are versatile 
synthetic building blocks,6 which are widely employed in the preparation of pharmaceuticals and 
natural products7 such as curcumin and cyclooxygenase-2 inhibitors celecoxib, mavacoxib and 
deracoxib (Figure 1.1). 1,3-Diketones are also frequently used as ligands in transition metal 
complexes,8 such as half-sandwich complexes of RuII (Figure 1.2), OsII, RhIII and IrIII. These 
organometal complexes have been studied as potential prodrugs in the anticancer therapy in recent 
years. In addition, deeper understanding the mechanism of ring-opening reactions of isoxazoles 
and isoxazolines can develop more new synthetic methods for building new core structures and 
complex compounds, such as cascade or rearrangement reactions. Therefore, it is significant to 





Figure 1.1 Some pharmaceuticals and natural products from 1,3 diketone intermediates. 
 
Figure 1.2 General structures of half-sandwich organoruthenium complexes with diketonate 
ligands. 
 
In the recent years, our group have been focusing on the development of potential 
heterocycles such as isoxazoles that are widely existing in drugs and natural products, e.g., 
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sulfamethoxazole9, isocarboxazid10, acivicin11, and muscimol12 (Figure 1.3). The first report from 
our group about synthesis of isoxazoles was a cascade reaction from o-methyl oximes to 
trisubstituted isoxazoles via palladium catalysis13. Palladium, as one of transition metals, is very 
rare and expensive, although it plays an important role of pharmaceuticals and industries. To 
replace palladium catalysts and furnish various methodology, we then developed complementary 
synthetic protocols from a single ynone (1) substrate to 3,5-disubstituted isoxazoles (3)14. The 
synthetic strategy is attractive and two complementary paths produce a pair of regioselective 3,5-
disubstituted isoxazoles. Especially, the path b uses hydroxylamine in replace of palladium 
catalysis to approach 3,5-disubstituted isoxazoles (3) (Scheme 1.1, path b). 









Scheme 1.1 Regioselective synthesis of 3,5-disubstituted isoxazoles from ynones. 
 
Later, we discovered a palladium-catalyzed rearrangement reaction: a synthesis of 2-
azafluorenone from isoxazole15 (Scheme 1.2). Our mechanism study revealed that the reaction 
involved isoxazole ring-opening which serves as a key step in a cascade reaction sequence. 
Therefore, we decided to study the ring-opening of isoxazoles with the aims to gain a deeper 
insight into the ring-opening mechanism, as well as to search for optimal reaction conditions with 
an economical and chemically versatile catalyst system.  
Scheme 1.2 Auto-tandem palladium catalysis: from isoxazole to 2-azafluorenone. 
 
The most well-known ring-opening reactions refer to the direct hydrogenolysis of the N-O 
bond in isoxazoles mediated by Raney nickel5b,5c or palladium catalysts5d (Scheme 1.3). Other 
transition metals such as iron, copper/iron, samarium, and molybdenum also work well on the ring-
opening of isoxazoles16. However, there are two potential problems in these reactions: 1) 
noneconomic and toxic catalysts such as palladium, samarium and molybdenum salts are used, 
and 2) a safe hazard exists when hydrogen gas as the reductant is applied to the experiments. To 
solve these problems, we started to search for a properly catalytic system. Iron is the primary 
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option because of its low toxic, operational simplicity, and economical nature. Thus, iron-
catalyzed transfer hydrogenation has been developed in many decades.17 Among the known iron-
catalyzed transfer hydrogenation reactions, the majority have concentrated on reductions of 
ketones and imines. An exploration of new chemical transformations for iron-catalyzed transfer 
hydrogenation appears warranted.  
Scheme 1.3 Raney nickel and Pd/C catalyzed reductive ring-opening of isoxazoles. 
 
In the next part, we discussed about iron-catalyzed reductive ring-opening of isoxazoles 
and isoxazolines protocols reported in a few of previous studies (Scheme 1.4)5a, 16e. However, these 
protocols either employed a stoichiometric amount of iron catalysts or showed limited substrate 
scopes. In addition, the iron-mediated ring-opening mechanism remains unelucidated in many 
cases. Therefore, it is critical to further understand the mechanism and to continue exploring new 







Scheme 1.4 Iron-catalyzed reductive ring-opening of isoxazoles and isoxazolines. 
 
According to our prior research about the synthesis of 2-azafluorenone from isoxazole15, 
we developed an iron-catalyzed reductive ring-opening of 3,5-disubstituted isoxazole and 
isoxazoline via an unprecedented transfer hydrogenation reaction in aged NMP solvent, with 5-
hydroxy-N-methyl-2-pyrrolidone as the hydrogen donor. For the current study, all starting 
materials (isoxazoles and isoxazolines) were prepared based on the previous complementary 
synthetic protocols14.   
 
1.2 Results and Discussion 
At the early stage of the investigation of ring opening reactions, we chose isoxazole 3a as 
the model substrate and carried out its ring-opening employing reaction conditions which was 
developed in our previous 2-azafluorenone synthesis (Scheme 1.2). A moderate yield of the 
desired β-enaminone 6a was obtained in the presence of a palladium catalyst (Table 1.1, entry 1). 
We then examined the reactivity of other transition metal catalysts including CuCl2, FeCl2, and 
FeCl3. While the copper catalyst only afforded a 9% yield of the ring opening product (Table 1.1, 
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entry 2), both iron catalysts produced the desired ring-opening product 6a with excellent yields 
(Table 1.1, entries 3 and 4).  
 We found that the ring-opening reaction took place smoothly in aged NMP, but no 
reactivity was observed in newly purchased NMP solvent – namely, the starting material isoxazole 
3a was fully recovered in the latter case (Table 1.1, entry 5). The ring-opening reaction similarly 
did not proceed in the analogous solvent N, N-dimethylformamide (DMF) (Table 1.1, entry 6).  







donor (2 equiv) 
base (2 equiv) solvent yieldb 
1 Pd(OAc)2  - Li2CO3 aged NMP 63% 
2 CuCl2 - Li2CO3 aged NMP 9% 
3 FeCl2·4H2O - Li2CO3 aged NMP 85% 
4 FeCl3 - Li2CO3 aged NMP 99% 
5c FeCl3 - Li2CO3 NMP nr 
6c FeCl3  - Li2CO3 DMF nr 
7 FeCl3 5-hydroxy-N-methyl-2-
pyrrolidone 
Li2CO3 NMP 92% 
8 FeCl3  hydroquinone Li2CO3 NMP 76% 
9 FeCl3  NH2NH2 Li2CO3 NMP 15% 
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10 FeCl3  i-PrOH Li2CO3 NMP 16% 
11 FeCl3 - Li2CO3 NMP* 99% 
12 FeCl3 - Na2CO3 NMP* 98% 
13 FeCl3 - K2CO3 NMP* 94% 
14 FeCl3 - Cs2CO3 NMP* 99% 
15c FeCl3 - - NMP* nr 
16c,d FeCl3 - Li2CO3 NMP* nr 
a General procedure: Catalyst (0.05 mmol, 10 mol%), base (1.0 mmol, 2 equiv), substrate 3a (100.6 mg, 0.5 mmol), 
hydrogen donor (1.0 mmol, 2.0 equiv), and solvent (5 mL) were added in a 20 mL glass vial sealed with a pressure 
relief cap. The reaction mixture was stirred at 150 °C for 4 h. b Yields are isolated yields after column chromatography. 
c Starting material 3a was fully recovered. d FeCl3 (10 mol%) and Li2CO3 (2.0 equiv) in 5mL of NMP* were stirred at 
150 °C for 4 h, followed by cooling to 100 °C and the addition of 3a to the reaction. The mixture was stirred for 
another 4 h at 100 °C. 
 
Thus, we analyzed the difference between the aged NMP and the newly purchased NMP. 
The spectroscopy analysis showed that the aged commercial NMP contained 5-hydroxy-N-methyl-
2-pyrrolidone at a concentration of 0.412 mol/L (Scheme 1.5 and 1.6), which was possibly formed 
through slow oxidation in air. We therefore conducted a control experiment and carried out the 
ring-opening reaction of 3a in the newly purchased NMP solvent with the addition of 2 equivalents 
of commercial 5-hydroxy-N-methyl-2-pyrrolidone. The desired β-enaminone 6a was thereby 











Scheme 1.5 HPLC data of a mixture of pure N-methyl-succinimide, 5-hydroxy-NMP and NMP. 
 
 
Peak #1 was N-methyl-succinimide. Peak #2 was 5-hydroxy-NMP. Peak #3 was NMP. 
HPLC sample preparation: N-methyl-succinimide (12.54 mg, 0.1109 mmol), 5-hydroxy-NMP (12.52 mg, 0.1087 
mmol) and NMP (18.53 mg, 0.1869 mmol) were mixed in 1 mL of HPLC grade hexane/isopropanol (volume ratio: 









Scheme 1.6 HPLC data of the in-house aged NMP.  
 
 
Peak #1 was N-methyl-succinimide. Peak #2 was 5-hydroxy-NMP. Peak #3 was NMP. 
According to the HPLC integration ratio, the mole ratio of N-methyl-succinimide, 5-hydroxyl-NMP and NMP in the 
in-house aged NMP was 2.6215: 1.0000: 27.7403. In the general procedure for the iron-catalyzed ring-opening 
reaction, 0.5 mmol of 3,5-disubstituted isoxazoles or isoxazolines were reacted in 5 mL of the in-house aged NMP. 
According to the above mole ratio value obtained from HPLC, there was about 1.87 mmol of 5-hydroxy-NMP in 5 
mL of aged NMP (5-hydroxy-NMP was around 3.7 equiv to the isoxazole/isoxazoline substrates). 
 
These results could be explained by a transfer hydrogenation mechanism with 5-hydroxy-
N-methyl-2-pyrrolidone acting as the hydrogen donor. We therefore examined a few common 
hydrogen donors in the ring-opening reaction. When 2 equivalents of hydroquinone were applied, 
β-enaminone 6a was obtained in a 76% yield (Table 1.1, entry 8). On the other hand, the yield of 
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6a dropped significantly to 15% and 16% when hydrazine and i-PrOH were used, respectively 
(Table 1.1, entries 9 and 10).  
 With these results in hand, we then decided to age the newly purchased NMP solvent using 
the procedure reported by the Wang group18 (for the detailed experimental procedure on aging 
NMP, see the experimental section; NMP* is used to represent the in-house aged NMP solvent 
using Wang’s method, vide infra), and chose to carry out the ring-opening reaction in NMP* 
without the addition of any external hydrogen donor. The application of NMP* as the solvent in 
our ring-opening reaction led to a 99% yield of 6a (Table 1.1, entry 11).  
We speculated that a peroxide 4 formed after the oxidation of N-methyl-pyrrolidone by 
oxygen and water. Afterwards, the homolysis occurred between the oxygen-oxygen bond of 
peroxide 4 that generated a radical species 5, which was further protonated to 5-hydroxy-N-
methyl-2-pyrrolidone 6 or oxidized to N-methyl-succinimide 7 by oxygen (Scheme 1.7). Also, 5-
hydroxy-N-methyl-2-pyrrolidone 6 can be oxidized to N-methyl-succinimide 7 slowly. It 
explained why the concentration of N-methyl-succinimide was higher than 5-hydroxy-N-methyl-











Scheme 1.7 Proposed mechanism for the oxidation of N-methyl-pyrrolidone by oxygen and water. 
 
 We next optimized the base in the ring-opening reaction. While the ring-opening took place 
smoothly in the presence of 2 equivalents of an alkali carbonate base (Table 1.1, entries 11-14), 
no reaction occurred when the carbonate base was absent (Table 1.1, entry 15).  
 According to Wang’s report, we assumed that when mixing FeCl3 in NMP* at 150 °C, the 
nanoparticle iron (FeX) is formed whichis the real catalyst in this reaction. Therefore, we first 
added a catalytic amount of FeCl3 in NMP* at 150 °C for 4 hours, generating a dark brown 
solution. Then, we examined the effect of temperature in the ring-opening reaction. The solution 
was cooled to 100 °C, and the isoxazole 3a was added to the reaction. The mixture was heated at 
100 °C for an additional 4 hours. No ring-opening product 6a was formed in this case, and 3a was 
fully recovered (Table 1.1, entry 16). When the mixture continued being heated at 150 °C, the 
ring-opening product was obtained. We hence chose the optimal condition listed in Entry 11 in 
Table 1.1 to examine the substrate scope. 
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As shown in Table 1.2, the optimal reaction conditions were effective for the reductive 
ring-opening of a variety of 3,5-disubstituted isoxazoles and led to the corresponding Z-β-
enaminones in good-to-excellent yields. Both aliphatic and aromatic substituents were well 
accommodated at both the 3- and 5-positions of the isoxazole substrates 3. Both electron-donating 
groups such as methoxy (MeO) and electron-withdrawing groups such as methyl ester (CO2Me) 
were well accommodated in the reactions (Table 1.2, 6i, 6j, 6k and 6l). The ring-opening reactions 
also took place smoothly when the isoxazole substrates had sterically hindered groups at either the 
3- or 5-positions, such as tert-butyl (t-Bu) and 2-phenyl-2-propyl groups (Table 1.2, 6a, 6b, 6g, 
and 6k). On the other hand, less-sterically-hindered primary- and secondary-alkyl (Table 1.2, 6c, 
6d, 6e and 6f) and thienyl groups (Table 1.2, 6b) were well accommodated as well, affording high 
yields of the corresponding β-enaminone products. In addition, an alkenyl group that was 
conjugated to a ketone carbonyl in the ring-opening product was also compatible (Table 1.2, 6l).   












a An oven dried 20 mL glass vial was charged with 3,5-disubstituted isoxazoles (0.5 mmol, 1.0 equiv), FeCl3 (0.05 
mmol, 0.1 equiv), Li2CO3 (1.0 mmol, 2.0 equiv) and NMP* (5 mL); then sealed with a pressure relief cap. The reaction 
mixture was stirred at 150 °C for 4 h. b The chemical yields in the parentheses are isolated yields after column 
chromatography.  
 
To further expand the scope of this ring-opening reaction, we attempted the reductive ring-
opening of a variety of 3,5-disubstituted isoxazolines (4) (Table 1.3), employing the optimal 
conditions that were obtained with the 3,5-disubstituted isoxazoles (3). The ring-opening condition 
was compatible with a broad range of substituents on the isoxazoline substrates (4) as well, 
including primary; secondary; and tertiary-alkyl, alkenyl, aryl, and heteroaryl groups. The 
functional groups were examined in the isoxazole ring-opening reaction, and the results showed 
that an aryl chloride group was also well accommodated in the reaction, and the corresponding β-
enaminone product was obtained in an 82% yield (Table 1.3, 6p). On the other hand, an aryl nitro 















a An oven dried 20 mL glass vial was charged with 3,5-disubstituted isoxazolines (0.5 mmol, 1.0 equiv), FeCl3 (0.05 
mmol, 0.1 equiv), Li2CO3 (1.0 mmol, 2.0 equiv) and NMP* (5 mL); then sealed with a pressure relief cap. The reaction 
mixture was stirred at 150 °C for 4 h. b The chemical yields in the parentheses are isolated yields after column 
chromatography. c The starting material was 5-(4-nitrophenyl)-3-phenyl-4,5-dihydroisoxazol-5-ol. Its aryl nitro group 




We further examined the iron-catalyzed reductive ring-opening reaction on a gram scale. 
We chose 5-(tert-butyl)-3-phenylisoxazole (3a, 2.0 g) as the model substrate and carried out its 
ring-opening in the presence of 5 mol% of iron catalyst (Eq. 1.1). It took 12 hours for the reaction 
to complete in the presence of a reduced amount of iron catalyst. The desired β-enaminone 6a, 
however, was still obtained in an excellent yield of 97%.   
 
Reductive ring-opening of isoxazolines to β-hydroxy ketones is known, mediated by 
SmI2
19 and iron powder5a, respectively. However, excess amount of metal reagents (Fe powder or 
SmI2) was employed in both cases. While exploring the synthetic application of the iron-catalyzed 
ring-opening reaction, we tested the possibility of preparing 1,3-diketones employing a modified 
condition of the current ring-opening protocol. We chose the iron-catalyzed one-pot reaction 
protocol – ring-opening of isoxazoles and isoxazolines under the optimal conditions that were 
displayed in Entry 11 in Table 1.1, followed by an acid-mediated hydrolysis of the resulting β-
enaminones (Table 1.4). It is worth noting that the strong acidic condition was still compatible 
with a variety of functional groups, such as an ester, an aryl bromide, an alkene, and ethers (Table 
1.4, entries 2, 3, 4, 6 and 7). 1,3-Diketones usually could tautomerize to an enol that is conjugated 
to the other carbonyl, since it can be stabilized by a six-membered ring containing a hydrogen 
bond. The structure of compound 7e has been confirmed in an enol form by the single-crystal X-
ray analysis (Figure 1.4, for details of the crystal structure, see Appendix B,). The successful 
formation of 1,3-diketones enriches the chemistry of the current ring-opening reaction and 
promises its further application in the synthesis of more complex molecule frameworks.  
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Figure 1.4 Mercury plot of compound 7e with complete numbering of atoms, with thermal 
ellipsoids drawn at the 50% probability level. 
 
Table 1.4 Synthesis of 1,3-diketones (7) by iron-catalyzed one-pot reductive ring-opening of 3,5-
disubstituted isoxazoles (3) and isoxazolines (4) and subsequent acid mediated hydrolysis.a,b 
 























a An oven dried 20 mL glass vial was charged with 3,5-disubstituted isoxazolines (0.5 mmol, 1.0 equiv), FeCl3 (0.05 
mmol, 0.1 equiv), Li2CO3 (1.0 mmol, 2.0 equiv) and NMP* (5 mL); then sealed with a pressure relief cap. The reaction 
mixture was stirred at 150 °C for 4 h and cooled to room temperature, then added with 4 equivalents of HCl acid 
(36.5% aqueous solution) and stirred at 150 °C for 2 h. b The chemical yields in the parentheses are isolated yields 
after column chromatography.   
 
To gain more insights into the mechanism of the ring-opening reaction, we attempted to 
characterize the iron catalyst working in our system. Our preliminary data showed that FeCl3 was 
only the pre-catalyst in the ring-opening reaction, and that it was converted to nanoparticles20 at 
an elevated temperature in the presence of a carbonate base. Unfortunately, the exact chemical 
composition and structure of the iron containing nanoparticles formed in our reactions cannot be 
fully determined at this stage. However, we tested the catalytic reactivity of both commercial 
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Fe2O3 (3 nm APS) and Fe3O4 (50-100 nm APS) nanopowder in the ring-opening reaction. The 
former served as an excellent catalyst, and the desired β-enaminone 6a was formed in a 99% yield 
(Table 1.5, entry 1), but the latter only afforded a moderate yield for the ring-opening product 
(Table 1.5, entry 2). The chemical yield of 6a significantly dropped in the cases when regular 
Fe2O3 or Fe3O4 powder was used as the catalyst (Table 1.5, entries 3 and 4). Furthermore, no ring-
opening product was observed in the absence of the carbonate base (Table 1.5, entry 5).   
Table 1.5 Iron oxide catalyzed reductive ring-opening of 3,5-disubstituted isoxazoles.a 
 
entry catalyst (10 mol%) Li2CO3 yield of 6a
b 
1 Fe2O3 nanopowder  2.0 equiv 99% 
2 Fe3O4 nanopowder 2.0 equiv 41% 
3 Fe2O3 powder 2.0 equiv 32% 
4 Fe3O4 powder 2.0 equiv 15% 
5 Fe2O3 nanopowder  - 0% 
a General procedure: Catalyst (0.05 mmol, 10 mol%), Li2CO3 (1.0 mmol, 2.0 equiv), substrate 3a (100.6 mg, 0.5 
mmol), and NMP* (5 mL) were added in a 20 mL glass vial sealed with a pressure relief cap. The reaction mixture 
was stirred at 150 °C for 4 h. b Yields are isolated yields after column chromatography.   
 
The iron-catalyzed ring-opening reaction presumably takes place via a transfer 
hydrogenation mechanism, with 5-hydroxy-N-methyl-2-pyrrolidone (5) as the hydrogen donor. 
We proposed that, initially 5 bonds to the surface of the Fe nanoparticle catalyst (FeX), and 
isoxazole (1) then coordinates on the surface of the Fe catalyst as well. A hydride shift from 5-
hydroxy-N-methyl-2-pyrrolidone to the nitrogen atom of isoxazole (1) takes place, presumably via 
a six-membered ring transition state 7. The N-O bond breaks, and one equivalent of 1-
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methylpyrrolidine-2,5-dione is extruded, resulting in the intermediate 8. Finally, protonation 
releases the Fe catalyst and β-iminoketone 9 (Scheme 1.8). Compound 9 tautomerizes to β-
enaminone 2, and it is further converted to 1,3-diketone 4 in the presence of Brønsted acid and 
water (Scheme 1.8). 




1.3 Conclusion   
    An iron-catalyzed reductive ring-opening of isoxazoles and isoxazolines was reported, and 
5-hydroxy-N-methyl-2-pyrrolidone, which can be generated readily by aging commercial NMP 
solvent in an O2 atmosphere at an elevated temperature, serves as the hydrogen donor in the 
reductive ring-opening reaction. This mechanism is the first example that employs 5-hydroxy-N-
methyl-2-pyrrolidone in aged NMP as a hydrogen donor in a transfer hydrogenation reaction, 
providing a facile synthetic route for the important 1,3-difunctional β-enaminone and 1,3-diketone 
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frameworks. In addition, the combination of the current protocol with our previous methods for 
the syntheses of isoxazoles and isoxazolines14 provides an excellent synthetic route for the 
preparation of a pair of regioisomeric β-enaminones from a single ynone substrate. Due to the 
ready availability of the starting materials, the regiospecificity, and the rich chemical 
transformations involving the 1,3-difunctional ring opening products, the current synthetic route 
has great potential application in the cascade synthesis. Recently, two relative cascade reactions 
have been reported by our group and our collaborators21 (Scheme 1.9).   
Scheme 1.9 Iron mediated ring-opening and rearrangement cascade from 4-alkenylisoxazoles to 
polysubstituted pyrroles and iron (III)-promoted reductive ring-opening and isomerization 
reactions of C4-alkynylisoxazoles in the oxidized N-methyl pyrrolidone (NMP*). 
 
 
Moreover, further applications of this reductive system (iron/5-hydroxy-N-methyl-2-
pyrrolidone) in organic synthesis are under development. A full characterization of the iron 




General Information for Synthesis of Isoxazoles and Isoxazolines: 
All reactions were carried out in sealed 20 mL glass reaction vials with pressure relief caps, 
unless otherwise indicated. All commercially available chemicals were used as received without 
further purification, unless otherwise noted. Triethylamine, tetrahydrofuran (THF) and methanol 
were dried by 4Å molecular sieves over 48 hours before use. Molecular sieves (4Å) were activated 
at 200 °C at 0.5 mmHg for a week before use. All 1H and 13C NMR spectra were recorded at 400 
or 500 MHz and 100 or 125 MHz, respectively, using CDCl3 or acetone-d6 as solvent. The chemical 
shifts of all 1H and 13C NMR spectra are referenced to the residual signal of CDCl3 (δ 7.26 ppm 
for the 1H NMR spectra and δ 77.16 ppm for the 13C NMR spectra) or acetone-d6 (δ 2.09 ppm for 
the 1H NMR spectra and δ 30.60 ppm for the 13C NMR spectra). The high-resolution mass analysis 
was carried out on high resolution mass spectrometers using electrospray ionization (ESI) or 
heated electrospray ionization (HESI) method. Samples were dissolved in methylene chloride and 
methanol and analyzed via flow injection into the mass spectrometer at a flow rate of 200 µL/min. 
The mobile phase was 90:10 methanol:water, with 0.1% formic acid. The melting points of the 
solid compounds are uncorrected.  
General information for Iron-Catalyzed Transfer Hydrogenation in Aged N-Methyl-2-
pyrrolidone: Reductive Ring-Opening of 3,5-Disubstituted Isoxazoles and Isoxazolines 
All reactions were carried out in sealed 4-dram/6-dram vials with pressure relief caps, 
unless otherwise stated. All commercially available chemicals were used as received without 
further purification, unless otherwise noted. All 1H and 13C{1H} NMR spectra were recorded at 
400 MHz and 100 MHz, respectively, using CDCl3 as solvent. The chemical shifts of all 
1H and 




spectra and δ 77.23 ppm for the 13C{1H} NMR spectra). The high-resolution mass analysis was 
carried out on high resolution mass spectrometers using electrospray ionization (ESI) and heated 
electrospray ionization (HESI) methods. Samples were dissolved in methylene chloride and 
methanol or methylene chloride and acetonitrile, and were analyzed via flow injection into the 
mass spectrometer at a flow rate of 200 µL/min. The mobile phase was 90:10 methanol:water, with 
0.1% formic acid, or 90:10 acetonitrile:water, with 0.1% formic acid. The melting points were 
uncorrected.  
Preparation of Ynones (1). 
 
General Procedure:22 An oven dried 20 mL glass vial was charged with PdCl2(PPh3)2 (28.1 mg, 
0.04 mmol), CuI (7.6 mg, 0.04 mmol), acid chloride (2.60 mmol), terminal alkyne (2.00 mmol) 
and anhydrous triethylamine (10 mL). The vial was flushed with nitrogen and sealed with a 
pressure relief cap. The reaction mixture was stirred at room temperature, overnight, until the 
disappearance of starting material was observed, as monitored by thin layer chromatography. The 
reaction mixture was diluted with diethyl ether (40 mL) and washed with brine (40 mL). The 
aqueous phase was then extracted with diethyl ether (2 × 20 mL). The combined organic layers 
were dried over anhydrous MgSO4 and concentrated using a rotary evaporator under reduced 
pressure (20 mmHg). The resulting residue was purified by flash column chromatography on silica 





This compound was obtained as a yellow oil (350.2 mg, 94% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.58 (d, J = 7.6 Hz, 2H), 7.44 (t, J = 7.3 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 1.28 (s, 9H). The 1H 
NMR spectral data are in good agreement with the literature data.23 
1-(4-methoxyphenyl)-4,4-dimethylpent-1-yn-3-one (1b) 
 
This compound was obtained as a yellow oil (276.5 mg, 64% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.52 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 1.27 (s, 9H). The 1H NMR spectral 
data are in good agreement with the literature data.13  
methyl 4-(4,4-dimethyl-3-oxopent-1-yn-1-yl)benzoate (1c) 
 
Note: Only one equivalent of triethylamine (relative to the terminal alkyne) was used and the 
reaction was carried out in anhydrous THF (10 mL). This compound was obtained as a white solid 
(288.3 mg, 59% yield): m.p. 68.9-70.7 °C; 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 2H), 
7.63 (d, J = 8.5 Hz, 2H), 3.94 (s, 3H), 1.28 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 194.1, 166.2, 
132.8, 131.2, 129.7, 124.8, 90.5, 87.8, 52.6, 45.1, 26.1; HRMS (ESI) calcd for (C15H16O3+H)
+ 





This compound was obtained as a brown oil (200.0 mg, 52% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.48 (t, J = 4.4 Hz, 2H), 7.07 (t, J = 4.4 Hz, 1H), 1.27 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 
194.1, 136.5, 131.5, 127.8, 120.1, 90.8, 86.3, 44.9, 26.3; HRMS (ESI) calcd for (C11H12OS+H)
+ 
[M+H]+ 193.0682, found 193.0685.  
4-methyl-1,4-diphenylpent-1-yn-3-one (1e) 
 
This compound was obtained as a brown oil (480.3 mg, 97% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.41-7.36 (m, 5H), 7.35-7.28 (m, 5H), 1.65 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 191.2, 143.3, 
133.1, 130.6, 128.7, 128.6, 127.2, 126.7, 120.2, 93.5, 86.7, 52.9, 25.1; HRMS (ESI) calcd for 
(C18H16O+H)
+ [M+H]+ 249.1274, found 249.1279. 
4-methyl-1-phenylpent-1-yn-3-one (1f) 
 
This compound was obtained as a brown oil (289.3 mg, 84% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.57 (d, J = 7.7 Hz, 2H), 7.44 (t, J = 7.3 Hz, 1H), 7.37 (t, J = 6.9 Hz, 2H), 2.70-2.82 (m, 1H), 






This compound was obtained as a yellow oil (275.4 mg, 81% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.55 (d, J = 7.8 Hz, 2H), 7.43 (t, J = 7.3 Hz, 1H), 7.36 (t, J = 7.0 Hz, 2H), 2.12-2.21 (m, 1H), 




This compound was obtained as a yellow oil (396.0 mg, 96% yield): 1H NMR (500 MHz, CDCl3) 
δ 8.23 (d, J = 7.7 Hz, 2H), 7.70 (d, J = 7.4 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.55-7.48 (m, 3H), 
7.43 (t, J = 7.5 Hz, 2H). The 1H NMR spectral data are in good agreement with the literature data.26 
4,4-dimethyl-1-phenylpent-2-yn-1-one (1j) 
 
This compound was obtained as a yellow oil (349.9 mg, 94% yield): 1H NMR (400 MHz, CDCl3) 
δ 8.11 (d, J = 7.9 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 1.39 (s, 9H). The 1H 





This compound was obtained as a yellow oil (333.6 mg, 98% yield): 1H NMR (400 MHz, CDCl3) 
δ 8.10 (dd, J = 5.2, 3.3 Hz, 2H), 7.62–7.56 (m, 1H), 7.46 (dd, J = 10.5, 4.8 Hz, 2H), 1.58-1.49 (m, 
1H), 1.09-0.99 (m, 4H). The 1H NMR spectral data are in good agreement with the literature data.28 
1-phenyloct-2-yn-1-one (1l) 
 
This compound was obtained as a red oil (394.0 mg, 99% yield): 1H NMR (400 MHz, CDCl3) δ 
8.13 (d, J = 8.0 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.1 Hz, 2H), 
1.64-1.73 (m, 2H), 1.41-1.51 (m, 2H), 1.32-1.41 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). The 1H NMR 
spectral data are in good agreement with the literature data.29 
1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-one (1m) 
 
This compound was obtained as an orange solid (472.5 mg, 99% yield): m.p. 85.6-86.6 °C; 1H 
NMR (500 MHz, CDCl3) δ 8.19 (d, J = 8.9 Hz, 2H), 7.67 (d, J = 7.8 Hz, 2H), 7.47 (t, J = 7.4 Hz, 
1H), 7.41 (t, J = 7.2 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 3.91 (s, 3H). The 1H NMR spectral data are 





This compound was obtained as a brown oil (297.7 mg, 62% yield): 1H NMR (400 MHz, CDCl3) 
δ 8.09 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.52-6.57 (m, 1H), 3.88 (s, 3H), 2.23-2.30 (m, 
2H), 2.16-2.23 (m, 2H), 1.60-1.74 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 177.1, 164.4, 142.2, 
132.0, 130.6, 119.4, 113.9, 95.1, 85.3, 55.7, 28.6, 26.3, 22.1, 21.3; HRMS (ESI) calcd for 
(C16H16O2+H)
+ [M+H]+ 241.1223, found 241.1228.  
1-(3-methoxyphenyl)-3-phenylprop-2-yn-1-one (1o) 
 
This compound was obtained as a yellow solid (462.1 mg, 98% yield): m.p. 51.0-51.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.86 (d, J = 7.7 Hz, 1H), 7.66-7.72 (m, 3H), 7.39-7.53 (m, 4H), 7.17 (dd, J = 




This compound was obtained as a brown solid (481.4 mg, 99% yield): m.p. 98.6-99.6 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.15 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 7.8 Hz, 2H), 7.49 (t, J = 7.3 Hz, 3H), 






This compound was obtained as a brown solid (379.2 mg, 99% yield): m.p. 53.4-54.2 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.86 (d, J = 3.8 Hz, 1H), 7.66 (d, J = 4.9 Hz, 1H), 7.13 (t, J = 4.1 Hz, 1H), 
1.37 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 170.4, 145.2, 134.9, 128.3, 102.7, 77.9, 30.2, 28.1 
(fewer 13C signals were observed due to signal overlapping); HRMS (ESI) calcd for 
(C11H12OS+H)
+ [M+H]+193.0682, found 193.0686. 
1-(2-bromophenyl)-3-phenylprop-2-yn-1-one (1r) 
 
This compound was obtained as a yellow oil (467.6 mg, 82% yield): 1H NMR (500 MHz, CDCl3) 
δ 8.08 (dd, J = 7.7, 1.8 Hz, 1H), 7.71 (dd, J = 7.9, 1.1 Hz, 1H), 7.64-7.66 (m, 2H), 7.37-7.50 (m, 
5H). The 1H NMR spectral data are in good agreement with the literature data.13 
3-(2-bromophenyl)-1-phenylprop-2-yn-1-one (1s) 
 
This compound was obtained a yellow solid (490.4 mg, 86% yield): mp 86.0-88.0 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.32-8.34 (m, 2H), 7.72 (dd, J = 7.6, 1.8 Hz, 1H), 7.68 (dd, J = 7.9, 1.2 Hz, 
1H), 7.63-7.66 (m, 1H), 7.51-7.55 (m, 2H), 7.38 (td, J = 7.6, 1.4 Hz, 1H), 7.34 (td, J = 7.7, 2.0 Hz, 
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1H). The 1H NMR spectral data are in good agreement with the literature data.15 
1-(4-nitrophenyl)-3-phenylprop-2-yn-1-one (1t) 
 
This compound was obtained as a yellow solid (196.0 mg, 39% yield): m.p. 155.2-156.1 oC; 1H 
NMR (500 MHz, CDCl3) δ 8.38 (s, 4H), 7.72 (d, J = 6.9 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.47 (t, 
J = 7.7Hz, 2H). The 1H NMR spectral data are in good agreement with the literature data.31 
Preparation of 1-phenylpent-1-yn-3-one (1h)32 
 
To a 100-mL round-bottomed flask was added phenylacetylene (1326.0 mg, 13.00 mmol) 
and anhydrous THF (30 mL). The solution was cooled to −78 °C. n-Butyllithium (1.6 M in 
hexanes, 10.6 mL, 16.90 mmol, 1.3 equivalents) was added dropwise to the stirred solution over 
20 minutes. After the addition, the mixture was stirred at −78 °C for another 30 min. A solution of 
propionaldehyde (1160.0 mg, 20.00 mmol, 1.5 equivalents) in THF (5 mL) was added dropwise at 
−78 °C. After the addition, the reaction mixture was stirred and gradually warmed to room 
temperature overnight. The reaction mixture was quenched with saturated aqueous NH4Cl solution 
and extracted with diethyl ether (3 × 50 mL). The organic phases were combined and dried over 
anhydrous Mg2SO4, and concentrated using a rotary evaporator under reduced pressure (20 
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mmHg). The residue was purified by column chromatography on silica gel (eluent: 10/1: 
hexanes/ethyl acetate) to afford 1-phenylpent-1-yn-3-ol in 71% yield (1476.8 mg). The product 
was obtained as a yellow oil: 1H NMR (400 MHz, CDCl3) δ 7.44-7.42 (m, 2H), 7.32-7.30 (m, 3H), 
4.55 (d, J = 6.02 Hz, 1H), 1.93 (d, J = 5.63 Hz, 1H), 1.87-1.79 (m, 2H), 1.08 (t, J = 7.58 Hz, 3H). 
The 1H NMR spectral data are in good agreement with the literature data.33 
To a stirred solution of 1-phenylpent-1-yn-3-ol (640.0 mg, 4.00 mmol) in DCM (10 mL) 
was added Dess–Martin periodinane (DMP) (2544.0 mg, 6.00 mmol) and NaHCO3 (1008.0 mg, 
12.00 mmol). The reaction mixture was stirred at room temperature for 2 h, then quenched by 
saturated aqueous Na2S2O3 solution (15 mL), and extracted with DCM (3 × 30 mL). The combined 
organic phases were washed with brine (20 mL), dried over anhydrous Mg2SO4, and concentrated 
using a rotary evaporator under reduced pressure (20 mmHg). The residue was purified by column 
chromatography on silica gel (eluent: hexanes/ethyl acetate). The product 1-phenylpent-1-yn-3-
one was obtained as a yellow oil (625.0 mg, 99% yield): 1H NMR (400 MHz, CDCl3) δ 7.58-7.56 
(m, 2H), 7.47-7.43 (m, 1H), 7.40-7.36 (m, 2H), 2.70 (q, J = 8.0 Hz, 2H), 1.21 (t, J = 8.0 Hz, 3H). 
The 1H NMR spectral data are in good agreement with the literature data.34  
Preparation of Ynone O-Methyl Oximes (2). 
 
General Procedure:35 An oven-dried 20 mL glass vial was charged with O-methylhydroxylamine 
hydrochloride (167.0 mg, 2.00 mmol), anhydrous Na2SO4 (284.0 mg, 2.00 mmol), pyridine (0.5 
mL), alkynone (1, 1.00 mmol), and anhydrous methanol (5 mL).  The reaction vial was sealed with 
a pressure relief cap and the mixture was stirred at room temperature overnight. Methanol was 
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removed by using a rotary evaporator under reduced pressure (20 mmHg). The residue was diluted 
with diethyl ether (30 mL) and washed with brine (30 mL). The aqueous phase was extracted with 
diethyl ether (2 × 20 mL), and the combined organic layers were dried over anhydrous MgSO4 and 
concentrated using a rotary evaporator under reduced pressure (20 mmHg). The residue was then 
purified by flash column chromatography on silica gel (eluent: 10/1: hexanes/ethyl acetate). 
(Z)-4,4-dimethyl-1-phenylpent-1-yn-3-one O-methyl oxime (2a) 
 
This compound was obtained as a yellow oil (206.7 mg, 96% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.50-7.55 (m, 2H), 7.31-7.38 (m, 3H), 3.97 (s, 3H), 1.26 (s, 9H). The 1H NMR spectral data are 
in good agreement with the literature data.36 
(Z)-1-(4-methoxyphenyl)-4,4-dimethylpent-1-yn-3-one O-methyl oxime (2b) 
 
This compound was obtained as a colorless oil (191.3 mg, 78% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.47 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 3.96 (s, 3H), 3.82 (s, 3H), 1.25 (s, 9H). The 
1H NMR spectral data are in good agreement with the literature data.13 




This compound was obtained as a yellow oil (262.4 mg, 96% yield): 1H NMR (400 MHz, CDCl3) 
δ 8.00 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.2 Hz, 2H), 3.98 (s, 3H), 3.93 (s, 3H), 1.26 (s, 9H); 13C 
NMR (100 MHz, CDCl3) δ 166.5, 148.9, 132.1, 130.5, 129.6, 126.8, 99.3, 82.0, 62.6, 52.5, 37.1, 
28.3; HRMS (ESI) calcd for (C16H19NO3+H)
+ [M+H]+ 274.1438, found 274.1440. 
(E)-4-methyl-1,4-diphenylpent-1-yn-3-one O-methyl oxime (2e) 
 
This compound was obtained as a brown oil (116.5 mg, 42% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.43 (dd, J = 8.5, 1.5 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.32-7.24 (m, 6H), 4.07 (s, 3H), 1.67 (s, 
6H); 13C NMR (100 MHz, CDCl3) δ 148.0, 146.3, 132.1, 129.3, 128.3, 128.3, 126.5, 126.4, 122.0, 
100.8, 80.1, 62.7, 44.8, 27.5; HRMS (ESI) calcd for (C19H19NO+H)
+ [M+H]+ 278.1539, found 
278.1545.  
4-methyl-1-phenylpent-1-yn-3-one O-methyl oxime (2f) 
 
The compounds were obtained as a yellow oil (173.1 mg, 86% yield), ratio of two isomers (Z:E = 
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3:1): 1H NMR (400 MHz, CDCl3) δ 7.55-7.51 [m, 2H (Z) and m, 2H (E)], 7.38-7.28 [m, 3H (Z); 
and m, 3H (E)], 3.97 [s, 3H (Z); and s, 3H (E)], 3.45-3.35 [m, 1H (E)], 2.77-2.70 [m, 1H (Z)], 1.23 
[d, J = 6.9 Hz, 6H (Z)], 1.16 [d, J = 6.9 Hz, 6H (E)]; 13C NMR (100 MHz, CDCl3)  δ 152.7 (E), 
147.0 (Z), 132.2 (Z), 132.0 (E), 129.4 (Z), 129.0 (E), 128.4 (Z/E), 122.2 (E), 122.0 (Z), 100.3 (Z), 
92.2 (E), 82.6 (E),79.0 (Z), 62.5 (E), 62.3 (Z), 33.5 (Z), 27.0 (E), 20.6 (Z), 19.6 (E); HRMS (ESI) 
calcd for (C13H15NO+H)
+ [M+H]+ 202.1226, found 202.1231. 
1-cyclopropyl-3-phenylprop-2-yn-1-one O-methyl oxime (2g) 
 
The compounds were obtained as a yellow oil (181.3 mg, 91% yield), ratio of two isomers (Z:E = 
2:1): 1H NMR (500 MHz, CDCl3) δ 7.51-7.48 [m, 2H, (Z); and 2H, (E)], 7.48-7.44 (m, 1H, (Z); 
and 1H, (E)], 7.39-7.29 [m, 2H, (Z); and 2H, (E)], 4.00 [s, 3H, (E)], 3.97 [s, 3H, (Z)], 2.42 (s, 1H, 
(E)], 1.86 [ddd, J = 8.3, 4.9, 3.3 Hz, 1H, (Z)], 1.04-0.97 [m, 2H, (E)], 0.96-0.87 [m, 2H, (E); and 
2H, (Z)], 0.89-0.80 [m, 2H, (Z)]; 13C NMR (125 MHz, CDCl3) δ 149.73 (E), 144.57(Z), 132.30(Z), 
132.11(E), 129.64(Z), 129.27(E), 128.54(Z), 121.84(E), 121.62(Z), 99.63(Z), 91.06(E), 80.85(E), 
62.64(E), 62.51, 31.12(E), 14.27(Z), 9.35(E), 6.83(Z), 5.75(Z and E); HRMS (ESI) calcd for 
(C13H13NO+H)
+ [M+H]+200.1070, found 200.1075. 
(Z)-1,3-diphenylprop-2-yn-1-one O-methyl oxime (2i) 
 
This compound was obtained as a white solid (157.6 mg, 67% yield): m.p. 43.1-44.7 °C; 1H NMR 
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(400 MHz, CDCl3) δ 7.95-7.87 (m, 2H), 7.65-7.58 (m, 2H), 7.40 (dd, J = 7.3, 5.0 Hz, 6H), 4.15 (s, 
3H). The 1H NMR spectral data are in good agreement with the literature data.36  
(Z)-4,4-dimethyl-1-phenylpent-2-yn-1-one O-methyl oxime (2j) 
 
This compound was obtained as a colorless oil (204.5 mg, 95% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.81-7.86 (m, 2H), 7.35-7.39 (m, 3H), 4.08 (s, 3H), 1.39 (s, 9H). The 1H NMR spectral data are 
in good agreement with the literature data.36  
(Z)-1-phenyloct-2-yn-1-one O-methyl oxime (2l) 
 
This compound was obtained as a yellow oil (110.1 mg, 48% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.82-7.87 (m, 2H), 7.34-7.40 (m, 3H), 4.09 (s, 3H), 2.53 (t, J = 7.2 Hz, 2H), 1.64-1.72 (m, 2H), 
1.42-1.50 (m, 2H), 1.33-1.42 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 
140.3, 134.0, 129.6, 128.4, 126.6, 104.2, 71.6, 63.1, 31.2, 28.1, 22.3, 19.9, 14.1; HRMS (ESI) 
calcd for (C15H19NO+H)
+ [M+H]+ 230.1539, found 230.1544. 
(Z)-1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-one O-methyl oxime (2m) 
 
Benzene (1 mL) was added as a co-solvent. This compound was obtained as a yellow solid (138.0 
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mg, 52% yield): m.p. 57.7-58.4°C; 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.9 Hz, 2H), 7.56-
7.66 (m, 2H), 7.34-7.44 (m, 3H), 6.92 (d, J = 8.9, 2H), 4.12 (s, 3H), 3.85 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 161.0, 139.7, 132.3, 129.6, 128.6, 128.0, 126.4, 121.9, 113.9, 101.0, 79.7, 63.1, 
55.5; HRMS (ESI) calcd for (C17H15NO2+H)
+ [M+H]+ 267.1208, found 267.1212. 
(Z)-3-(cyclohex-1-en-1-yl)-1-(4-methoxyphenyl) prop-2-yn-1-one O-methyl oxime (2n) 
 
This compound was obtained as a colorless oil (169.7 mg, 63% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.77 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 8.9 Hz, 2H), 6.37-6.40 (m, 1H), 4.07 (s, 3H), 3.82 (s, 3H), 
2.25-2.30 (m, 2H), 2.19-2.14 (m, 2H), 1.72-1.66 (m, 2H), 1.66-1.59 (m, 2H); 13C NMR (125 MHz, 
CDCl3) δ 160.8, 139.9, 138.6, 128.0, 126.5, 120.0, 113.8, 103.2, 77.3, 63.0, 55.4, 28.9, 26.0, 22.2, 
21.4; HRMS (ESI) calcd for (C17H19NO2+H)
+ [M+H]+ 270.1494, found 270.1494. 
(Z)-1-(3-methoxyphenyl)-3-phenylprop-2-yn-1-one O-methyl oxime (2o) 
 
This compound was obtained as a colorless oil (148.6 mg, 56% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.61 (dd, J = 7.5, 1.5 Hz, 2H), 7.52 (d, J = 7.3 Hz, 1H), 7.47 (t, J = 2.2 Hz, 1H), 7.35-7.44 (m, 
3H), 7.31 (t, J = 8.0 Hz, 1H), 6.95 (dd, J = 8.2, 2.2 Hz, 1H), 4.15 (s, 3H), 3.86 (s, 3H). The 1H 
NMR spectral data are in good agreement with the literature data.13  




This compound was obtained as an orange oil (225.5 mg, 51% yield), ratio of two isomers (E:Z = 
2:1): 1H NMR (400 MHz, CDCl3) δ 7.75 [dd, J = 3.8, 1.1 Hz, 1H (Z)], 7.53 [dd, J = 5.1, 1.1 Hz, 
1H (Z)], 7.41 [dd, J = 3.6, 1.1 Hz, 1H (E)], 7.28 [dd, J = 5.1, 1.0 Hz, 1H (E)], 7.11 [dd, J = 5.0, 
3.9 Hz, 1H (Z)], 7.03 [dd, J = 5.0, 3.7 Hz, 1H (E)], 4.14 [s, 3H (Z)], 4.05 [s, 3H (E)], 1.39 [s, 9H 
(E/Z)]; 13C NMR (100 MHz, CDCl3) δ 138.4 (E), 136.7 (Z), 136.1 (E), 134.9 (Z), 132.7 (Z), 132.2 
(Z), 131.0 (E), 128.3 (E), 128.1 (Z), 127.03 (E), 127.01 (E), 125.8 (Z), 110.2 (E) , 100.4 (Z), 69.5 
(Z), 63.0 (E), 30.7 (Z), 30.6 (E), 30.2 (E), 28.5 (Z); HRMS (ESI) calcd for (C12H15NOS+H)
+ 
[M+H]+ 222.0947, found 222.0952. 
Preparation of 3,5-Disubstituted Isoxazoles (3) by Palladium-Catalyzed Cyclization of Ynone 
O-Methyl Oximes (2)  
 
General Procedure: An oven dried 20 mL glass vial was charged with ynone O-methyl oximes 
(0.50 mmol), Pd(CF3CO2)2 (16.6 mg, 0.05 mmol, 0.1 eq), CuCl2 (67.2 mg, 0.50 mmol, 1.0 eq), 
acetic acid (60.1 mg, 1.00 mmol, 2.0 eq) and dimethyl sulfoxide (4 mL). The reaction vial was 
sealed with a pressure relief cap and the mixture was stirred at 150 °C for 2 h. The reaction mixture 
was diluted with 20 mL of diethyl ether and washed with brine (20 mL). The aqueous phase was 
extracted with diethyl ether (2 × 15 mL). The combined organic layers were dried over anhydrous 
MgSO4 and concentrated using a rotary evaporator under reduced pressure (20 mmHg). The 
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subsequent residue was purified by flash column chromatography on silica gel (eluent: 10/1: 
hexanes/ethyl acetate) to afford the corresponding cyclization product. 
3-(tert-butyl)-5-phenylisoxazole (3a) 
 
This compound was obtained as a yellow oil (92.6 mg, 92% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.78-7.81 (m 2H), 7.43-7.45 (m, 3H), 6.25 (s, 1H), 1.40 (s, 9H). The 1H NMR spectral data are 
in good agreement with the literature data.37 
3-(tert-butyl)-5-(4-methoxyphenyl) isoxazole (3b) 
 
This compound was obtained as a yellow solid (112.2 mg, 97% yield): m.p. 60.3-61.7 oC; 1H NMR 
(400 MHz, CDCl3) δ 7.68 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 6.30 (s, 1H), 3.84 (s, 3H), 
1.37 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 172.8, 169.4, 160.9, 127.4, 120.7, 114.4, 96.2, 55.5, 
32.2, 29.7; HRMS (ESI) calcd for (C14H17NO2+H)
+ [M+H]+ 232.1332, found 232.1333. 
methyl 4-(3-(tert-butyl) isoxazol-5-yl) benzoate (3c) 
 
This compound was obtained as a yellow solid (112.8 mg, 87% yield): m.p. 113.4-114.8 °C; 1H 
NMR (400 MHz, CDCl3) δ 8.07(d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 6.52 (s, 1H), 3.90 (s, 
3H), 1.35 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 173.0, 168.3, 166.5, 131.6, 131.2, 130.3, 125.7, 
99.1, 52.4, 32.3, 29.7; HRMS (ESI) calcd for (C15H17NO3+H)
+ [M+H]+ 260.1281, found 260.1287. 




This compound was obtained as a yellow solid (131.7 mg, 99% yield): m.p. 107.6-109.0 °C; 1H 
NMR (400 MHz, CDCl3) δ 7.71 (dd, J = 7.9, 1.5 Hz, 2H), 7.38-7.48 (m, 3H), 7.28-7.38 (m, 4H), 
7.21-7.26 (m, 1H), 6.18 (s, 1H), 1.78 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 171.9, 169.6, 147.2, 
130.1, 129.0, 128.5, 127.7, 126.6, 126.2, 125.9, 98.8, 39.9, 28.8; HRMS (ESI) calcd for 
(C18H17NO+H)
+ [M+H]+ 264.1383, found 264.1385.  
3-isopropyl-5-phenylisoxazole (3f) 
 
This compound was obtained as a yellow oil (66.5 mg, 71% yield, from starting material 2f [Z:E 
= 3:1]): 1H NMR (500 MHz, CDCl3) δ 7.76 (dd, J = 8.4, 1.1 Hz, 2H), 7.39-7.47 (m, 3H), 6.40 (s, 
1H), 3.06-3.17 (m, 1H), 1.33 (d, J = 7.0, 6H). The 1H NMR spectral data are in good agreement 
with the literature data.37  
3-cyclopropyl-5-phenylisoxazole (3g) 
 
This compound was obtained as an orange solid (45.4 mg, 49% yield, from starting material 2g 
[Z/E=2:1]): m.p. 60.9-61.7 oC; 1H NMR (400 MHz, CDCl3) δ 7.71-7.74 (m, 2H), 7.38-7.45 (m, 
3H), 6.17 (s, 1H), 2.01-2.06 (m, 1H), 1.03-1.08 (m, 2H), 0.85-0.89 (m, 2H). The 1H NMR spectral 





This compound was obtained as a white solid (91.8 mg, 83% yield): m.p. 102.0-103.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.87 (ddd, J = 9.8, 6.9, 1.9 Hz, 4H), 7.54-7.40 (m, 6H), 6.84 (s, 1H). The 
1H 
NMR spectral data are in good agreement with the literature data.39 
5-(tert-butyl)-3-phenylisoxazole (3j) 
 
This compound was obtained as a colorless oil (89.6 mg, 89% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.76-7.82 (m, 2H), 7.39-7.48 (m, 3H), 6.25 (s, 1H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) 
δ 181.9, 162.3, 129.9, 129.6, 129.0, 126.9, 96.6, 33.0, 29.0; HRMS (ESI) calcd for (C13H15NO+H)
+ 
[M+H]+ 202.1226, found 202.1228.  
5-pentyl-3-phenylisoxazole (3l) 
 
This compound was obtained as a yellow oil (78.6 mg, 73% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.82-7.73 (m, 2H), 7.52-7.37 (m, 3H), 6.29 (s, 1H), 2.79 (t, J = 7.6 Hz, 2H), 1.75 (dd, J = 9.9, 
5.0 Hz, 2H), 1.45-1.29 (m, 4H), 0.97-0.85 (m, 3H). The 1H NMR spectral data are in good 





This compound was obtained as a white solid (113.1mg, 90% yield): m.p. 172.4-173.6 °C; 1H 
NMR (400 MHz, CDCl3) δ 7.89-7.74 (m, 4H), 7.56-7.39 (m, 3H), 7.07-6.94 (m, 2H), 6.78 (s, 1H), 
3.86 (d, J = 9.1 Hz, 3H). The 1H NMR spectral data are in good agreement with the literature 
data.41 
5-(cyclohex-1-en-1-yl)-3-(4-methoxyphenyl) isoxazole (3n) 
 
This compound was obtained as a brown oil (102.1 mg, 80% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.73 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H), 6.61-6.66 (m, 1H), 6.32 (s, 1H), 3.85 (s, 3H), 
2.34-2.41 (m, 2H), 2.21-2.29 (m, 2H), 1.73-1.82 (m, 2H), 1.64-1.73 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ 171.5, 162.1, 161.0, 130.2, 128.2, 125.5, 122.1, 114.4, 96.1, 55.5, 25.5, 25.3, 22.2, 21.9; 
HRMS (ESI) calcd for (C16H17NO2+H)
+ [M+H]+ 256.1332, found 256.1333.  
3-(3-methoxyphenyl)-5-phenylisoxazole (3o) 
 
This compound was obtained as a yellow oil (125.6 mg, 99% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.85 (dd, J = 8.0, 1.5 Hz, 2H), 7.56-7.35 (m, 6H), 7.07-6.96 (m, 1H), 6.82 (s, 1H), 3.89 (s, 3H). 





This compound was obtained as a yellow solid (63.2 mg, 61% yield, from starting material 2q 
[Z/E=1:2]): m.p. 49.4-50.2 oC; 1H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 3.6, 0.7 Hz, 1H), 7.39 
(dd, J = 5.1, 0.9 Hz, 1H), 7.10 (dd, J = 5.0, 3.7 Hz, 1H), 6.18 (s, 1H), 1.38 (s, 9H); 13C NMR (100 
MHz, CDCl3) δ 181.9, 157.4, 131.5, 127.7, 127.4, 127.1, 96.7, 33.0, 29.0; HRMS (ESI) calcd for 
(C11H13NOS+H)
+ [M+H]+ 208.0791, found 208.0796. 
Preparation of 3,5-Disubstituted Isoxazolines (4) from Ynones (1) and Hydroxylamine  
 
General Procedure: A 20 mL glass vial was charged with ynone (1, 0.50 mmol), hydroxylamine 
(NH2OH, 50 wt% aq. Soln., 264.2 mg, 4.00 mmol, 8.0 eq), and dimethylformamide (4 mL). The 
reaction vial was sealed with a pressure relief cap and the mixture was stirred at 50 °C for 2 h, then 
diluted with 20 mL of diethyl ether and washed with brine (20 mL). The aqueous phase was 
extracted with diethyl ether (2 × 15 mL). The combined organic layers were dried over anhydrous 
MgSO4, and concentrated using a rotary evaporator under reduced pressure (20 mmHg). The 
subsequent residue was purified by flash column chromatography on silica gel (eluent: 3/1: 





This compound was obtained as a yellow solid (109.6 mg, 99% yield): m.p. 141.8-142.7 °C; 1H 
NMR (500 MHz, acetone-d6) δ 7.74 (dd, J = 6.5, 3.1 Hz, 2H), 7.47 (dd, J = 5.0, 1.8 Hz, 3H), 5.56 
(s, 1H), 3.65, 3.15 (ABq, JAB = 18.1 Hz, 2H), 1.13 (s, 9H); 
13C NMR (125 MHz, acetone-d6) δ 
157.7, 132.3, 131.2, 130.2, 128.0, 114.4, 43.2, 39.0, 26.2; HRMS (ESI) calcd for (C13H17NO2+H)
+ 
[M+H]+ 220.1332, found 220.1336.  
5-(tert-butyl)-3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-ol (4b) 
 
This compound was obtained as a white solid (122.2 mg, 98% yield): m.p. 123.4-123.7 °C; 1H 
NMR (500 MHz, acetone-d6) δ 7.70-7.64 (m, 2H), 7.04-6.99 (m, 2H), 5.45 (s, 1H), 3.87 (s, 3H), 
3.61, 3.11 (ABq, JAB = 18.0 Hz, 2H), 1.12 (s, 9H); 
13C NMR (125 MHz, acetone-d6) δ 162.6, 157.2, 
129.5, 124.7, 115.6, 114.0, 56.4, 43.5, 38.9, 26.2; HRMS (ESI) calcd for (C14H19NO3+H)
+ [M+H]+ 
250.1438, found 250.1439. 
methyl 4-(5-(tert-butyl)-5-hydroxy-4,5-dihydroisoxazol-3-yl) benzoate (4c) 
 
This compound was obtained as a white solid (73.5 mg, 53% yield): m.p. 146.0-146.9 °C; 1H NMR 
(400 MHz, acetone-d6) δ 8.09 (d, J = 8.5 Hz, 2H), 7.87 (d, J = 8.5 Hz, 2H), 5.64 (s, 1H), 3.94 (s, 
3H), 3.71, 3.20 (ABq, JAB = 17.9 Hz, 2H), 1.14 (s, 9H); 
13C NMR (100MHz, acetone-d6) δ 167.5, 
157.3, 136.5, 132.6, 131.2, 128.0, 115.2, 53.3, 42.9, 39.0, 26.1; HRMS (ESI) calcd for 
(C15H19NO4+H)





This compound was obtained as a yellow solid (84.5 mg, 75% yield): m.p. 126.3-127.6 °C; 1H 
NMR (500 MHz, acetone-d6) δ 7.59 (d, J = 4.7 Hz, 1H), 7.36 (d, J = 2.9 Hz, 1H), 7.15 (dd, J = 
4.7, 3.9 Hz, 1H), 5.65 (s, 1H), 3.66, 3.16 (ABq, JAB = 18.1 Hz, 2H), 1.12 (s, 9H); 
13C NMR (125 
MHz, acetone-d6) δ 153.8, 134.5, 130.3, 129.3, 129.0, 114.6, 43.9, 38.9, 26.2; HRMS (ESI) calcd 
for (C11H15NO2S+Na)
+ [M+Na]+ 248.0716, found 248.0719.  
3-phenyl-5-(2-phenylpropan-2-yl)-4,5-dihydroisoxazol-5-ol (4e) 
 
This compound was obtained as a yellow solid (128.0 mg, 91% yield): m.p. 101.4-102.4 oC; 1H 
NMR (400 MHz, acetone-d6) δ 7.75-7.67 (m, 2H), 7.65 (dd, J = 6.7, 3.0 Hz, 2H), 7.42 (dd, J = 4.2, 
2.4 Hz, 3H), 7.33 (t, J = 7.7 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 5.61 (s, 1H), 3.49, 3.05 (ABq, JAB = 
18.1 Hz, 2H), 1.62 (s, 3H), 1.59 (s, 3H); 13C NMR (100 MHz, acetone-d6) δ 157.9, 146.9, 132.0, 
131.3, 130.2, 129.7, 129.2, 127.9, 127.8, 113.9, 46.2, 44.3, 25.8, 25.3; HRMS (ESI) calcd for 
(C18H19NO2+H)
+ [M+H]+ 282.1489, found 282.1493.  
5-isopropyl-3-phenyl-4,5-dihydroisoxazol-5-ol (4f) 
 
This compound was obtained as a yellow solid (89.3 mg, 87% yield): m.p. 96.3-96.8 °C; 1H NMR 
(500 MHz, acetone-d6) δ 7.79-7.69 (m, 2H), 7.53-7.42 (m, 3H), 5.61 (s, 1H), 3.45, 3.16 (ABq, JAB 
= 18.1 Hz, 2H), 2.27-2.13 (m, 1H), 1.14 (d, J = 6.8 Hz, 3H), 1.06 (d, J = 6.8 Hz, 3H); 13C NMR 
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(125 MHz, acetone-d6) δ 157.7, 132.3, 131.2, 130.2, 127.9, 113.1, 43.2, 37.2, 19.0, 18.5; HRMS 
(ESI) calcd for (C12H15NO2+H)
+ [M+H]+ 207.1208, found 207.1212. 
5-cyclopropyl-3-phenyl-4,5-dihydroisoxazol-5-ol (4g) 
 
This compound was obtained as a yellow solid (91.5 mg, 90% yield): m.p. 96.7-97.7 °C; 1H NMR 
(500 MHz, acetone-d6) δ 7.75-7.68 (m, 2H), 7.51-7.42 (m, 3H), 5.72 (s, 1H), 3.46, 3.32 (ABq, JAB 
= 17.7 Hz, 2H), 1.48-1.39 (m, 1H), 0.69-0.59 (m, 2H), 0.59-0.49 (m, 2H); 13C NMR (125 MHz, 
acetone-d6) δ 158.2, 132.1, 131.3, 130.2, 127.9, 109.5, 46.8, 19.2, 2.9, 2.6; HRMS (ESI) calcd for 
(C12H13NO2+H)
+ [M+H]+ 204.1019, found 204.1024.  
5-ethyl-3-phenyl-4,5-dihydroisoxazol-5-ol (4h) 
 
This compound was obtained as a yellow oil (76.5 mg, 80% yield): 1H NMR (500 MHz, CDCl3) δ 
7.67-7.65 (m, 2H), 7.41-7.38 (m, 3H), 3.27 (s, 2H), 2.90 (s, 1H), 2.07-1.96 (m, 2H), 1.09 (t, J = 
7.53 Hz, 3H). The 1H NMR spectral data are in good agreement with the literature data.40  
3,5-diphenyl-4,5-dihydroisoxazol-5-ol (4i) 
 
This compound was obtained as a white solid (113.7 mg, 95% yield): m.p. 97.8-99.9 °C;  1H NMR 
(500 MHz, acetone-d6) δ 7.79 (dd, J = 6.5, 2.9 Hz, 2H), 7.71 (d, J = 7.3 Hz, 2H), 7.51-7.47 (m, 
3H), 7.45 (d, J = 7.7 Hz, 2H), 7.41 (d, J = 7.2 Hz, 1H), 6.43 (s, 1H), 3.70, 3.64 (ABq, JAB = 17.5 
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Hz, 2H). The 1H NMR spectral data are in good agreement with the literature data.43 
3-(tert-butyl)-5-phenyl-4,5-dihydroisoxazol-5-ol (4j) 
 
This compound was obtained as a white solid (106.4 mg, 97% yield): m.p. 76.3-77.0 oC; 1H NMR 
(500 MHz, acetone-d6) δ 7.61 (dd, J = 7.0, 1.4 Hz, 2H), 7.41 (dd, J = 8.0, 6.5 Hz, 2H), 7.36 (d, J 
= 6.9 Hz, 1H), 6.01 (s, 1H), 3.30, 3.18 (ABq, JAB = 18.1 Hz, 2H), 1.25 (s, 9H); 
13C NMR (125 
MHz, acetone-d6) δ 167.1, 144.3, 129.6, 129.5, 127.3, 108.3, 50.1, 34.5, 29.1; HRMS (ESI) calcd 
for (C13H17NO2+H)
+ [M+H]+ 220.1332, found 220.1335.  
3-cyclopropyl-5-phenyl-4,5-dihydroisoxazol-5-ol (4k) 
 
This compound was obtained as a light yellow oil (100.5 mg, 99% yield): 1H NMR (500 MHz, 
CDCl3) δ 7.57 (dd, J = 7.95, 1.49 Hz, 2H), 7.38-7.34 (m, 3H), 3.03, 2.96 (ABq, JAB = 17.1 Hz, 
2H), 2.49 (s, 1H), 1.86-1.81 (m, 1H), 0.98-0.89 (m, 2H), 0.85-0.74 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ 162.4, 140.9, 128.9, 128.6, 125.7, 106.7, 49.2, 9.3, 6.9, 6.1; HRMS (HESI) calcd for 
(C12H13NO2+H)
+ [M+H]+ 204.1019, found 204.1018. 
3-pentyl-5-phenyl-4,5-dihydroisoxazol-5-ol (4l) 
 
This compound was obtained as a yellow oil (106.2 mg, 91% yield): 1H NMR (500 MHz, acetone-
d6) δ 7.63-7.59 (m, 2H), 7.41 (ddd, J = 8.0, 5.0, 3.7 Hz, 2H), 7.38-7.34 (m, 1H), 6.04 (s, 1H), 3.20, 
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3.19 (ABq, JAB = 20.0 Hz, 2H), 2.42 (t, J = 7.6 Hz, 2H), 1.70-1.56 (m, 2H), 1.43-1.32 (m, 4H), 
1.00-0.89 (m, 3H); 13C NMR (125 MHz, acetone-d6) δ 160.4, 144.2, 129.6, 129.5, 127.4, 108.0, 
52.6, 32.8, 29.1, 27.4, 23.7, 15.0; HRMS (ESI) calcd for (C14H19NO2+H)




This compound was obtained as a yellow solid (116.6 mg, 87% yield): m.p. 142.1-142.6 oC; 1H 
NMR (400 MHz, acetone-d6) δ 7.78 (dd, J = 6.7, 3.0 Hz, 2H), 7.65-7.57 (m, 2H), 7.53-7.44 (m, 
3H), 7.05-6.93 (m, 2H), 6.29 (s, 1H), 3.86 (s, 3H), 3.64, 3.62 (ABq, JAB = 18.0 Hz, 2H); 
13C NMR 
(100 MHz, acetone-d6) δ 161.4, 158.2, 135.7, 132.0, 131.5, 130.3, 128.8, 128.2, 114.9, 109.4, 56.3, 
50.3; HRMS (ESI) calcd for (C16H15NO3+H)
+ [M+H]+ 270.1125, found 270.1129. 
3-(cyclohex-1-en-1-yl)-5-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-ol (4n) 
 
This compound was obtained as a yellow solid (125.7 mg, 92% yield): m.p. 116.7-117.5 °C; 1H 
NMR (500 MHz, acetone-d6) δ 7.57-7.51 (m, 2H), 6.99-6.93 (m, 2H), 6.10-6.12 (m, 1H), 6.06 (s, 
1H), 3.84 (s, 3H), 3.36, 3.23 (ABq, JAB = 17.2 Hz, 2H), 2.41 (td, J = 6.1, 1.8 Hz, 2H), 2.26-2.18 
(m, 2H), 1.69 (ddt, J = 10.8, 5.3, 4.2 Hz, 4H); 13C NMR (125 MHz, acetone-d6) δ 161.2, 160.0, 
136.0, 133.8, 131.4, 128.7, 114.8, 108.7, 56.3, 49.9, 27.1, 25.9, 23.6, 23.5; HRMS (ESI) calcd for 
(C16H19NO3+H)





This compound was obtained as a white solid (130.6 mg, 97% yield): m.p. 120.9-121.2 oC; 1H 
NMR (400 MHz, acetone-d6) δ 7.82-7.75 (m, 2H), 7.50 (dd, J = 4.1, 2.3 Hz, 3H), 7.36 (t, J = 8.1 
Hz, 1H), 7.29-7.24 (m, 2H), 7.00-6.93 (m, 1H), 6.36 (s, 1H), 3.86 (s, 3H), 3.68, 3.65 (ABq, JAB = 
18.0 Hz, 2H); 13C NMR (100 MHz, acetone-d6) δ 161.3, 158.2, 145.2, 131.9, 131.6, 130.8, 130.3, 
128.2, 119.7, 115.3, 113.2, 109.3, 56.3, 50.5; HRMS (ESI) calcd for (C16H15NO3+H)
+ [M+H]+ 
270.1125, found 270.1129. 
5-(4-chlorophenyl)-3-phenyl-4,5-dihydroisoxazol-5-ol (4p) 
 
This compound was obtained as a white solid (113.6 mg, 83% yield): m.p. 193.0-193.3 oC; 1H 
NMR (400 MHz, acetone-d6) δ 7.81-7.76 (m, 2H), 7.75-7.69 (m, 2H), 7.52-7.45 (m, 5H), 6.53 (s, 
1H), 3.71, 3.67 (ABq, JAB = 16.0 Hz, 2H); 
13C NMR (100 MHz, acetone-d6) δ 158.3, 142.7, 135.3, 
131.69, 131.65, 130.4, 129.8, 129.4, 128.2, 108.9, 50.4; HRMS (ESI) calcd for (C15H12ClNO2+H)
+ 
[M+H]+ 274.0629, found 274.0635. 
3-(tert-butyl)-5-(thiophen-2-yl)-4,5-dihydroisoxazol-5-ol (4q) 
 
This compound was obtained as a white solid (98.0 mg, 87% yield): m.p. 93.2-93.7 oC; 1H NMR 
(500 MHz, acetone-d6) δ 7.45 (dd, J = 5.1, 1.2 Hz, 1H), 7.20 (dd, J = 3.6, 1.2 Hz, 1H), 7.03 (dd, J 
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= 5.1, 3.6 Hz, 1H), 6.37 (s, 1H), 3.36, 3.30 (ABq, JAB = 15.0 Hz, 2H), 1.25 (s, 9H); 
13C NMR (125 
MHz, acetone-d6) δ 167.5, 147.4, 128.2, 127.3, 126.5, 106.8, 50.3, 34.5, 29.0; HRMS (ESI) calcd 
for (C11H15NO2S+H)
+ [M+H]+ 226.0896, found 226.0901. 
5-(2-bromophenyl)-3-phenyl-4,5-dihydroisoxazol-5-ol (4r) 
 
This compound was obtained as a yellow solid (151.1 mg, 95% yield): m.p. 122.4-123.7 oC; 1H 
NMR (400 MHz, CDCl3) δ 7.97 (dd, J = 7.9, 1.8 Hz, 1H), 7.72-7.74 (m, 2H), 7.68 (dd, J = 8.0, 
1.1 Hz, 1H), 7.43 (d, J = 2.3 Hz, 2H), 7.42 (d, J = 1.7 Hz, 1H), 7.37 (td, J = 7.5, 1.1 Hz, 1H), 7.22-
7.25 (m, 1H), 3.91, 3.76 (ABq, JAB = 17.9 Hz, 2H), 3.16 (s, 1H);
 13C NMR (100 MHz, CDCl3) δ 
157.8, 139.4, 134.8, 130.7, 130.6, 129.2, 128.9, 128.2, 127.6, 127.0, 121.5, 107.1, 47.6; HRMS 
(HESI) calcd for (C15H12BrNO2+H)
+  [M+H]+ 318.0124, found 318.0123. 
3-(2-bromophenyl)-5-phenyl-4,5-dihydroisoxazol-5-ol (4s) 
 
This compound was obtained as a yellow oil (147.9 mg, 93% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.63-7.69 (m, 4H), 7.36-7.48 (m, 4H), 7.29 (td, J = 7.8, 1.9 Hz, 1H), 3.77, 3.72 (ABq, JAB = 17.4 
Hz, 2H), 3.23 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 158.5, 140.5, 133.9, 131.4, 131.2, 131.0, 
129.2, 128.8, 127.7, 125.8, 122.0, 108.2, 51.4; HRMS (HESI) calcd for (C15H12BrNO2+H)
+  





This compound was obtained as a yellow solid (129.0 mg, 91% yield): m.p. 151.0-152.0 oC; 1H 
NMR (500 MHz, DMSO-d6) δ 8.27 (d, J = 9.4 Hz, 2H), 7.90 (s, 1H), 7.84 (d, J = 9.4 Hz, 2H), 
7.72-7.74 (m, 2H), 7.47-7.48 (m, 3H), 3.67(ABq J = 20.9 Hz, 2H). 13C NMR (125 MHz, DMSO-
d6) δ 156.9, 148.9, 147.4, 130.4, 129.4, 128.9, 127.5, 126.7, 123.4, 106.9, 48.6. The HRMS data 
are in good agreement with the literature data.43  
Preparation of 3,5-Disubstituted Isoxazoles (3) by Acid Mediated Dehydration of 3,5-
Disubstituted 4,5-dihydroisoxazoles (4)44 
 
General Procedure: A 20 mL glass vial was charged with 3,5-disubstituted 4,5-dihydroisoxazoles 
(4, 0.50 mmol), H2SO4 (98.0 mg, 1.00 mmol), and dimethylformamide (4.0 mL). The reaction vial 
was sealed with a pressure relief cap and the mixture was stirred at room temperature for 2 h, then 
diluted with 20 mL of diethyl ether and washed with brine (20 mL). The aqueous phase was 
extracted with diethyl ether (2 × 15 mL). The combined organic layers were dried over anhydrous 
MgSO4, and concentrated using a rotary evaporator under reduced pressure (20 mmHg). The 
subsequent residue was purified by flash column chromatography on silica gel (eluent: 3/1: 





This compound was prepared from 4j and obtained as a yellow oil (95.0 mg, 95% yield). 
3-cyclopropyl-5-phenylisoxazole (3g) 
 
This compound was prepared from 4k and obtained as an orange solid (89.0 mg, 96 % yield). 
5-ethyl-3-phenylisoxazole (3h) 
 
This compound was prepared from 4h and obtained as a yellow oil (70.2 mg, 81% yield): 1H NMR 
(500 MHz, CDCl3) δ 7.78-7.81 (m, 2H), 7.41-7.46 (m, 3H), 6.29 (s, 1H), 2.82 (q, J = 7.86 Hz, 2H), 




This compound was prepared from 4d and obtained as a yellow solid (87.1 mg, 84% yield). 
5-(2-bromophenyl)-3-phenylisoxazole (3r) 
 
This compound was obtained as a yellow solid (91.5 mg, 61% yield): m.p. 54.6-55.7 oC; 1H NMR 
(400 MHz, CDCl3) δ 7.86-7.91 (m, 3H), 7.70 (dd, J = 8.0, 1.2 Hz, 1H), 7.42-7.47 (m, 4H), 7.23-
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7.29 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 168.1, 162.8, 134.3, 131.2, 130.23, 130.20, 129.2, 
129.1, 128.5, 127.9, 127.0, 121.2, 102.4; HRMS (HESI) calcd for (C15H10BrNO+H)
+ [M+H]+ 
300.0019, found 300.0018. 
3-(2-bromophenyl)-5-phenylisoxazole (3s) 
 
This compound was obtained as a yellow solid (75.0 mg, 50% yield): m.p. 43.8-44.7 oC; 1H NMR 
(400 MHz, CDCl3) δ 7.85-7.87 (m, 2H), 7.69-7-73 (m, 2H), 7.41-7.52 (m, 4H), 7.33 (td, J = 7.8, 
2.1 Hz, 1H), 6.96(s, 1H); 13C NMR (100 MHz, CDCl3) δ 169.7, 163.1, 133.8, 131.5, 131.2, 130.7, 
130.4, 129.2, 127.8, 127.6, 126.0, 122.4, 101.0; HRMS (HESI) calcd for (C15H10BrNO+H)
+ 
[M+H]+ 300.0019, found 300.0018. 
5-isopropyl-3-phenylisoxazole (3t) 
 
This compound was obtained as a yellow oil (54.3 mg, 58% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.79-7.81 (m, 2H), 7.42-7.46 (m, 3H), 6.27 (s, 1H), 3.12 (sep, 1H). 1.36 (d, 6H). The 1H NMR 
spectral data are in good agreement with the literature data.45 
5-(4-nitrophenyl)-3-phenylisoxazole (3u) 
 
The reaction was carried out at 50 oC for 15 hours. This compound was obtained as a yellow solid 
(100.0 mg, 75% yield): m.p. 226.0-227.0 oC; 1H NMR (400 MHz, CDCl3) δ 8.37 (d, J = 8.5 Hz, 
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2H), 8.03 (d, J = 9.6 Hz, 2H), 7.86-7.89 (m, 2H), 7.50-7.52 (m, 3H), 7.02 (s, 1H). The 1H NMR 
spectral data are in good agreement with the literature data.46 
Preparation of 3-(tert-Butyl)-4-iodo-5-phenylisoxazole (5a) from 3-(tert-Butyl)-5-
phenylisoxazole (3a)47  
 
An oven dried 20 mL glass vial was charged with 3,5-disubstituted isoxazoles (3a, 100.5 
mg, 0.50 mmol), N-iodosuccinimide (337.0 mg, 1.50 mmol, 3 equivalents), and trifluoroacetic acid 
(TFA, 2.0 mL). The reaction vial was sealed with a pressure relief cap and the mixture was stirred 
at 60 °C for 1 h. Saturated aq. NaHCO3 solution (15 mL) was added at room temperature. The 
mixture was extracted by diethyl ether (3 × 20 mL). The combined organic phases were washed 
with 10% aq. Na2S2O3 solution (20 mL) and brine (20 mL), respectively, then dried over anhydrous 
MgSO4 and concentrated using a rotary evaporator under reduced pressure (20 mmHg). The 
subsequent residue was purified by flash column chromatography on silica gel (eluent: 10/1: 
hexanes/ethyl acetate) to afford the corresponding cyclization product. The product was obtained 
as a white solid (154.0 mg, 94% yield): m.p. 80.0-82.0 oC; 1H NMR (400 MHz, CDCl3) δ 7.94-
7.92 (m, 2H), 7.50-7.48 (m, 3H), 1.53 (s, 9H). The 1H NMR spectral data are in good agreement 





General Procedure for the Preparation of the Aged NMP (NMP*) 
The in-house aged NMP (NMP*) was prepared according to a literature procedure.18 A 
total of 100 mL of fresh NMP and 5 mL of deionized water were placed in a 250 mL two-neck 
round-bottomed flask. The mixture was heated for 6 h at 160 °C in an oil bath, while oxygen gas 
was bubbled into the NMP solvent via an 18 gauge 12-inch-long stainless-steel needle (see 
Appendix B Picture 1 for the experimental set-up), yielding a yellowish to brownish transparent 
solution. After cooling to room temperature, the solution was bubbled with nitrogen for 15 minutes, 
and stored in a sealed round-bottomed flask.  
Warning: 5-Hydroperoxy-1-methylpyrrolidin-2-one is formed as an intermediate compound 
during the NMP aging process.48 Although the concentration of 5-hydroperoxy-1-
methylpyrrolidin-2-one does not exceed 25ppm (monitored by the authors), caution is needed when 
handling the experiment.  
General Procedure for the Iron-catalyzed Ring-opening of 3,5-Disubstituted Isoxazoles (3) – 
Preparation of β-enaminones (6) 
An oven dried 4-dram vial was charged with 3,5-disubstituted isoxazoles (0.5 mmol, 1.0 
equiv), FeCl3 (0.05 mmol, 8.1 mg), Li2CO3 (1.0 mmol, 73.9 mg) and the in-house aged N-methyl 
pyrrolidone (NMP*,0.374 mol/L of 5-hydroxy-NMP in 5 mL). The reaction mixture was stirred at 
150 °C for 4 h on a heating mantle. The reaction mixture was cooled to room temperature, diluted 
with 20 mL of diethyl ether, and washed with brine (20 mL). The aqueous phase was extracted 
with diethyl ether (2 × 15 mL). The combined organic layers were washed with water (15 mL), 
dried over anhydrous MgSO4, and concentrated under reduced pressure (20 mmHg) using a rotary 
evaporator. The subsequent residue was purified by flash column chromatography on silica gel 
(eluent: 3/1: hexanes/ethyl acetate) to afford the corresponding product. 
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(Z)-1-amino-4,4-dimethyl-1-phenylpent-1-en-3-one (6a).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a light-yellow solid (100.5 mg, 99% yield): 
m.p. 65.1-66.1 °C; 1H NMR (400 MHz, CDCl3) δ 9.97 (s, 1H), 7.53-7.56 (m, 2H), 7.41-7.45 (m, 
3H), 5.62 (s, 1H), 5.31 (s, 1H), 1.20 (s, 9H). The 1H NMR spectral data are in good agreement 
with the literature data.49 
(Z)-1-amino-4,4-dimethyl-1-(thiophen-2-yl)pent-1-en-3-one (6b).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (70.0 mg, 67% yield): m.p. 
81.5-82.8 °C; 1H NMR (400 MHz, CDCl3) δ 9.89 (s, 1H), 7.40 (d, J = 4.3 Hz, 2H), 7.09 (t, J = 4.4 
Hz, 1H), 5.75 (s, 1H), 5.01 (s, 1H), 1.20 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 206.4, 154.2, 
140.6, 128.2, 127.8, 126.2, 90.5, 42.5, 27.9; HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
(C11H16NOS)
+ 210.0947, found 210.0950. 
(Z)-1-amino-1-phenylpent-1-en-3-one (6c).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
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hexanes/ethyl acetate) and this product was obtained as a yellow oil (70.0 mg, 80% yield): 1H 
NMR (400 MHz, CDCl3) δ 9.91 (s, 1H), 7.53-7.56 (m, 2H), 7.39-7.45 (m, 3H), 5.44 (s, 1H), 5.30 
(s, 1H), 2.41 (q, J = 7.5 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H). The 1H NMR spectral data are in good 
agreement with the literature data.50 
(Z)-1-amino-1-phenyloct-1-en-3-one (6d).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (84.7 mg, 78% yield): 1H 
NMR (400 MHz, CDCl3) δ 9.95 (s, 1H), 7.54-7.57 (m, 2H), 7.41-7.47 (m, 3H), 5.45 (s, 1H), 5.17 
(s, 1H), 2.39 (t, J = 7.7 Hz, 2H), 1.64-1.68 (m, 2H), 1.31-1.35 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ 201.0, 161.0, 137.7, 130.7, 129.2, 126.5, 95.0, 43.2, 32.0, 
25.8, 22.8, 14.2; HRMS (HESI-ORBITRAP) m/z: [M+H]+ calcd for (C14H20NO)
+ 218.1539, found 
218.1537. 
(Z)-3-amino-4-methyl-1-phenylpent-2-en-1-one (6e).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a brown solid (93.6 mg, 99% yield): m.p. 
90.6-92.1 °C; 1H NMR (400 MHz, CDCl3) δ 10.39 (s, 1H), 7.86-7.89 (m, 2H), 7.38-7.44 (m, 3H), 
5.77 (s, 1H), 5.33 (s, 1H), 2.46 (septet, J = 7.2 Hz, 1H), 1.24 (d, J = 6.9 Hz, 6H). The 1H NMR 
spectral data are in good agreement with the literature data.51 
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(Z)-3-amino-3-cyclopropyl-1-phenylprop-2-en-1-one (6f).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (74.8 mg, 80% yield): m.p. 
109.3-110.3 °C; 1H NMR (400 MHz, CDCl3) δ 10.39 (s, 1H), 7.85 (dd, J = 7.5, 1.5 Hz, 2H), 7.37-
7.43 (m, 3H), 5.65 (s, 1H), 5.29 (s, 1H), 1.51-1.55 (m, 1H), 0.95-1.01 (m, 2H), 0.87-0.90 (m, 2H); 
13C{1H} NMR (100 MHz, CDCl3) δ 189.2, 169.1, 140.7, 130.8, 128.4, 127.2, 89.1, 16.4, 8.4; 
HRMS (HESI-ORBITRAP) m/z: [M+H]+ calcd for (C12H14NO)
+ 188.1070 found 188.1067. 
(Z)-3-amino-4-methyl-1,4-diphenylpent-2-en-1-one (6g).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (119.3 mg, 90% yield): m.p. 
104.8-105.8 °C; 1H NMR (400 MHz, CDCl3) δ 10.53 (s, 1H), 7.80 (dd, J = 7.6, 1.3 Hz, 2H), 7.24-
7.36 (m, 7H), 7.17-7.20 (m, 1H), 5.92 (s, 1H), 4.92 (s, 1H), 1.55 (s, 6H); 13C{1H} NMR (100 MHz, 
CDCl3) δ 190.1, 174.0, 145.9, 140.9, 131.0, 128.8, 128.4, 127.3, 127.2, 126.8, 89.8, 44.9, 28.7; 
HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C18H20NO)
+ 266.1539, found 266.1544. 




The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (94.8 mg, 85% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.42 (s, 1H), 7.94-7.97 (m, 2H), 7.63-7.66 (m, 2H), 7.41-7.53 (m, 
6H), 6.15 (s, 1H), 5.50 (s, 1H). The 1H NMR spectral data are in good agreement with the literature 
data.51  
(Z)-3-amino-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-one (6i).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a brown oil (107.6 mg, 85% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.35 (s, 1H), 7.94 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 7.0 Hz, 2H), 7.45-
7.49 (m, 3H), 6.93 (d, J = 8.6 Hz, 2H), 6.11 (s, 1H), 5.41 (s, 1H), 3.85 (s, 3H). The 1H NMR 
spectral data are in good agreement with the literature data.52 
(Z)-3-amino-3-(3-methoxyphenyl)-1-phenylprop-2-en-1-one (6j).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (87.3 mg, 69% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.39 (s, 1H), 7.94 (dd, J = 8.3, 2.1 Hz, 2H), 7.36-7.47 (m, 4H), 7.20-
7.23 (m, 1H), 7.15 (t, J = 2.0 Hz, 1H), 7.03 (dd, J = 8.2, 2.9 Hz, 1H), 6.14 (s, 1H), 5.50 (s, 1H), 
3.86 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 190.4, 163.0, 160.1, 140.5, 139.2, 131.2, 130.4, 




+ 254.1176, found 254.1180. 
methyl (Z)-4-(3-amino-4,4-dimethylpent-2-enoyl)benzoate (6k).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (113.5 mg, 87% yield): m.p. 
161.6-163.2 °C; 1H NMR (400 MHz, CDCl3) δ 10.98 (s, 1H), 8.07 (d, J = 8.4 Hz, 2H), 7.91 (d, J 
= 8.6 Hz, 2H), 5.88 (s, 1H), 5.56 (s, 1H), 3.93 (s, 3H), 1.29 (s, 9H); 13C{1H} NMR (100 MHz, 
CDCl3) δ 188.7, 176.3, 167.0, 145.0, 131.8, 129.7, 127.2, 88.8, 52.4, 36.6, 29.0; HRMS (ESI-TOF) 
m/z: [M+H]+ calcd for (C15H20NO3)
+ 262.1438, found 262.1441. 
(Z)-3-amino-1-(cyclohex-1-en-1-yl)-3-(4-methoxyphenyl)prop-2-en-1-one (6l).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (115.7 mg, 90% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.21 (s, 1H), 7.53 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.73-
6.75 (m, 1H), 5.76 (s, 1H), 5.22 (s, 1H), 3.85 (s, 3H), 2.34-2.37 (m, 2H), 2.19-2.23(m, 2H), 1.60-
1.70 (m, 4H); 13C{1H} NMR (100 MHz, CDCl3) δ 192.2, 161.6, 161.4, 140.1, 133.5, 130.3, 127.9, 
114.4, 90.8, 55.6, 26.1, 24.4, 22.7, 22.1; HRMS (HESI-ORBITRAP) m/z: [M+H]+ calcd for 
(C16H20NO2)
+ 258.1489, found 258.1486. 
Gram-Scale Iron-catalyzed Ring-opening of 5-(tert-butyl)-3-phenylisoxazole (3a) 
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An oven dried 100 mL round-bottomed flask was charged with 5-(tert-butyl)-3-
phenylisoxazole (3a, 9.94 mmol, 2.0 g), FeCl3 (0.497 mmol, 80.6 mg), Li2CO3 (19.88 mmol, 1.469 
g) and the in-house aged N-methyl pyrrolidone (NMP*,0.374 mol/L of 5-hydroxy-NMP in 50 mL). 
The reaction mixture was stirred at 150 °C for 12 h in an oil bath, until the disappearance of 3a 
(monitored by thin-layer chromatography).  The reaction mixture was cooled to room temperature, 
diluted with 40 mL of diethyl ether, and washed with brine (40 mL). The aqueous phase was 
extracted with diethyl ether (5 × 20 mL). The combined organic layers were washed with water (2 
× 20 mL), dried over anhydrous MgSO4, and concentrated under reduced pressure (20 mmHg) 
using a rotary evaporator. The subsequent residue was purified by flash column chromatography 
on silica gel (eluent: 3:1 hexanes/ethyl acetate) to afford (Z)-1-amino-4,4-dimethyl-1-phenylpent-
1-en-3-one (6a) as a light-yellow solid (1.96 g, 97% yield).  
General Procedure for the Iron-catalyzed Ring-opening of 3,5-Disubstituted Isoxazolines (4) 
– Preparation of β-enaminones (6) 
An oven dried 4-dram vial was charged with 3,5-disubstituted isoxazolines (0.5 mmol, 1.0 
equiv), FeCl3 (0.05 mmol, 8.1 mg), Li2CO3 (1.0 mmol, 73.9 mg) and the in-house aged N-methyl 
pyrrolidone (NMP* provided approximately 3.7 equiv of 5-hydroxy-NMP in 5 mL). The reaction 
mixture was stirred at 150 °C for 4 h on a heating mantle. The reaction mixture was cooled to room 
temperature, diluted with 20 mL of diethyl ether, and washed with brine (20 mL). The aqueous 
phase was extracted with diethyl ether (2 × 15 mL). The combined organic layers were washed 
with water (15 mL), dried over anhydrous MgSO4, and concentrated under reduced pressure (20 
mmHg) using a rotary evaporator. The subsequent residue was purified by flash column 




(Z)-1-amino-4,4-dimethyl-1-phenylpent-1-en-3-one (6a).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a light-yellow solid (93.4 mg, 92% yield): 
m.p. 65.1-66.1 °C; 1H NMR (400 MHz, CDCl3) δ 9.97 (s, 1H), 7.53-7.56 (m, 2H), 7.41-7.45 (m, 
3H), 5.61 (s, 1H), 5.31 (s, 1H), 1.20 (s, 9H). The 1H NMR spectral data are in good agreement 
with the literature data.49  
(Z)-3-amino-4,4-dimethyl-1-phenylpent-2-en-1-one (6m).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a light yellow solid (84.3 mg, 83% yield): 
m.p. 63.1- 64.0 °C; 1H NMR (400 MHz, CDCl3) δ 10.87 (s, 1H), 7.86 (dd, J = 7.5, 1.6 Hz, 2H), 
7.38-7.45 (m, 3H), 5.87 (s, 1H), 5.52 (s, 1H), 1.27 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 
189.9, 175.4, 141.0, 130.7, 128.3, 127.1, 88.4, 36.4, 28.9; HRMS (ESI-TOF) m/z: [M+H]+ calcd 
for (C13H18NO)
+ 204.1383, found 204.1384. 
(Z)-3-amino-4,4-dimethyl-1-(thiophen-2-yl)pent-2-en-1-one (6n).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a light yellow solid (82.6 mg, 79% yield): 
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m.p. 123.8-124.8 °C; 1H NMR (400 MHz, CDCl3) δ 10.53 (s, 1H), 7.57 (dd, J = 3.6, 0.8 Hz, 1H), 
7.44 (dd, J = 5.0, 0.8 Hz, 1H), 7.06 (td, J = 4.4, 1.0 Hz, 1H), 5.75 (s, 1H), 5.45 (s, 1H), 1.26 (s, 
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 182.6, 175.1, 147.7, 130.1, 127.8, 127.7, 88.1, 36.3, 
28.9; HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C11H16NOS)
+ 210.0947, found 210.0950. 
(Z)-1-amino-1-(4-methoxyphenyl)-4,4-dimethylpent-1-en-3-one (6o).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (113.1 mg, 97% yield): m.p. 
84.8-85.8 °C; 1H NMR (400 MHz, CDCl3) δ 10.03 (s, 1H), 7.50 (d, J = 8.6 Hz, 2H), 6.92 (d, J = 
8.8 Hz, 2H), 5.60 (s, 1H), 5.18 (s, 1H), 3.84 (s, 3H), 1.20 (s, 9H); 13C{1H} NMR (100 MHz, 
CDCl3) δ 206.1, 161.64, 161.60, 130.3, 127.9, 114.4, 90.3, 55.6, 42.4, 28.0; HRMS (ESI-TOF) 
m/z: [M+H]+ calcd for (C14H20NO2)
+ 234.1489, found 234.1489. 
(Z)-3-amino-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one (6p).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (105.4 mg, 82% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.42 (s, 1H), 7.88 (d, J = 8.6 Hz, 2H), 7.62-7.64 (m, 2H), 7.48-7.52 
(m, 3H), 7.40 (d, J = 8.6 Hz, 2H), 6.09 (s, 1H), 5.51 (s, 1H). The 1H NMR spectral data are in good 
agreement with the literature data.53 




The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (93.6 mg, 99% yield): m.p. 
68.9-69.8 °C; 1H NMR (400 MHz, CDCl3) δ 9.95 (s, 1H), 7.55-7.57 (m, 2H), 7.43-7.47 (m, 3H), 
5.47 (s, 1H), 5.18 (s, 1H), 2.60 (septet, J = 6.9 Hz, 1H), 1.16 (d, J = 7.0 Hz, 6H). The 1H NMR 
spectral data are in good agreement with the literature data.54 
(Z)-1-amino-4-methyl-1,4-diphenylpent-1-en-3-one (6r).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (125.9 mg, 95% yield): 1H 
NMR (400 MHz, CDCl3) δ 9.80 (s, 1H), 7.30-7.40 (m, 9H), 7.21 (t, J = 6.8 Hz, 1H), 5.20 (s, 1H), 
5.08 (s, 1H), 1.56 (s, 6H); 13C{1H} NMR (100 MHz, CDCl3) δ 203.9, 161.4, 147.2, 137.9, 130.6, 
129.0, 128.5, 126.5, 126.4, 126.3, 93.4, 50.7, 26.9; HRMS (HESI-ORBITRAP) m/z: [M+H]+ calcd 
for (C18H20NO)
+ 266.15394 , found. 266.15379. 
(Z)-3-amino-1-cyclopropyl-3-phenylprop-2-en-1-one (6s).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (85.1 mg, 91% yield): m.p. 
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61.1-62.1 °C; 1H NMR (400 MHz, CDCl3) δ 9.86 (s, 1H), 7.51-7.58 (m, 2H), 7.40-7.48 (m, 3H), 
5.59 (s, 1H), 5.21 (s, 1H), 1.79-1.85 (m, 1H), 1.02-1.05 (m, 2H), 0.78-0.82 (m, 2H); 13C{1H} NMR 
(100 MHz, CDCl3) δ 199.5, 160.3, 137.6, 130.6, 129.1, 126.5, 95.2, 21.0, 9.7; HRMS (ESI-TOF) 
m/z: [M+H]+ calcd for (C12H14NO)
+ 188.1070, found 188.1072. 
(Z)-3-amino-1-phenyloct-2-en-1-one (6t). 
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (81.4 mg, 75% yield): 1H 
NMR (400 MHz, CDCl3) δ 10.29 (s, 1H), 7.86-7.88 (m 2H), 7.38-7.46 (m, 3H), 5.74 (s, 1H), 5.33 
(s, 1H), 2.26 (t, J = 7.7 Hz, 2H), 1.59-1.67 (m, 2H), 1.30-1.39 (m, 4H), 0.91 (t, J = 7.1 Hz, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ 189.8, 167.4, 140.5, 130.9, 128.3, 127.2, 91.7, 37.1, 31.4, 
27.9, 22.5, 14.1; HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C14H20NO)
+ 218.1539, found 
218.1542. 
(Z)-3-amino-3-(cyclohex-1-en-1-yl)-1-(4-methoxyphenyl)prop-2-en-1-one (6u).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 3:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (92.6 mg, 72% yield): m.p. 
102.1-103.0 °C; 1H NMR (400 MHz, CDCl3) δ 10.25 (s, 1H), 7.88 (d, J = 8.8 Hz, 2H), 6.90 (d, J 
=8.8 Hz, 2H), 6.37 (s, 1H), 5.87 (s, 1H), 5.21 (s, 1H), 3.84 (s, 3H), 2.28-2.29 (m, 2H), 2.19-2.22 
(m, 2H), 1.72-1.75 (m, 2H), 1.64-1.66 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 189.2, 163.7, 
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162.0, 135.1, 133.6, 130.2, 129.2, 113.6, 89.1, 55.5, 26.0, 25.9, 22.6, 21.9; HRMS (ESI-TOF) m/z: 
[M+H]+ calcd for (C16H20NO2)
+ 258.1489, found 258.1489. 
(Z)-3-amino-1-(4-aminophenyl)-3-phenylprop-2-en-1-one (6v).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 1:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (59.5 mg, 50% yield): m.p. 
369.0-370.0 °C; 1H NMR (400 MHz, CDCl3) δ 10.29 (s, 1H), 7.84 (d, J = 8.5 Hz, 2H), 7.62-7.64 
(m, 2H), 7.44-7.49 (m, 3H), 6.68 (d, J = 8.7 Hz, 2H), 6.09 (s, 1H), 5.25 (s, 1H), 3.96 (s, 2H); 
13C{1H} NMR (100 MHz, CDCl3) δ 189.4, 161.9, 149.7, 138.3, 130.8, 130.6, 129.5, 129.2, 126.5, 
114.2, 91.6; HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C15H15N2O)
+ 239.1179, found 239.1180. 
General Procedure for the Iron-catalyzed Ring-opening of 3,5-Disubstituted Isoxazoles 
(3)/Isoxazolines (4) – Preparation of 1,3-Diketones (7) 
An oven dried 4-dram vial was charged with 3,5-disubstituted isoxazolines or 3,5-
disubstituted isoxazoles (0.5 mmol, 1.0 equiv), FeCl3 (0.05 mmol, 8.1 mg), Li2CO3 (1.0 mmol, 
73.9 mg), and the in-house aged N-methyl pyrrolidone (NMP*,0.374 mol/L of 5-hydroxy-NMP in 
5 mL ). The reaction mixture was stirred at 150 °C for 4 h on a heating mantle, and then cooled to 
room temperature. Hydrochloride acid (36.5% aqueous solution, 199.8 mg, 2.0 mmol) was added. 
The reaction mixture was then stirred at 150 °C for 2 h. The reaction mixture was cooled to room 
temperature, diluted with 20 mL of diethyl ether, and washed with brine (20 mL). The aqueous 
phase was extracted with diethyl ether (2 × 15 mL). The combined organic layers were washed 
with water (15 mL), dried over anhydrous MgSO4, and concentrated under reduced pressure (20 
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mmHg) using a rotary evaporator. The subsequent residue was purified by flash column 
chromatography on silica gel (eluent: 10/1: hexanes/ethyl acetate) to afford the corresponding 
product. 
(Z)-1-hydroxy-4,4-dimethyl-1-phenylpent-1-en-3-one (7a).  
 
The starting material was 5-(tert-butyl)-3-phenylisoxazole. The crude product was purified by 
flash column chromatography on silica gel (eluent: 5:1 hexanes/ethyl acetate) and this product was 
obtained as a colorless oil (97.9 mg, 96% yield): 1H NMR (400 MHz, CDCl3) δ 16.51 (s, 1H), 7.89 
(d, J = 7.4 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 7.5 Hz, 2H), 6.31 (s, 1H), 1.26 (s, 9H). 
The 1H NMR spectral data are in good agreement with the literature data.55 
(Z)-1-hydroxy-4,4-dimethyl-1-phenylpent-1-en-3-one (7a).  
 
The starting material was 5-(tert-butyl)-3-phenyl-4,5-dihydroisoxazol-5-ol. The crude product was 
purified by flash column chromatography on silica gel (eluent: 5:1 hexanes/ethyl acetate) and this 
product was obtained as a colorless oil (86.8 mg, 85% yield): 1H NMR (400 MHz, CDCl3) δ 16.51 
(s, 1H), 7.89 (d, J = 7.4 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 7.5 Hz, 2H), 6.31 (s, 1H), 
1.26 (s, 9H). The 1H NMR spectral data are in good agreement with the literature data.55  




The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a red oil (101.8 mg, 87% yield): 1H NMR 
(400 MHz, CDCl3) δ 16.66 (s, 1H), 7.86-7.89 (m, 2H), 6.93-6.96 (m, 2H), 6.23 (s, 1H), 3.87 (s, 
3H), 1.25 (s, 9H). The 1H NMR spectral data are in good agreement with the literature data.56 
(Z)-1-(2-bromophenyl)-3-hydroxy-3-phenylprop-2-en-1-one (7c).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (137.4 mg, 91% yield): 1H 
NMR (400 MHz, CDCl3) δ 16.25 (s, 1H), 7.95-7.97 (m, 2H), 7.68 (dd, J = 8.0, 0.9 Hz, 1H), 7.54-
7.62 (m, 2H), 7.47-7.52 (m, 2H), 7.42 (td, J = 7.5, 0.8 Hz, 1H), 7.32 (td, J = 7.6, 1.6 Hz, 1H), 6.67 
(s, 1H). The 1H NMR spectral data are in good agreement with the literature data.55  
(Z)-3-hydroxy-1-(3-methoxyphenyl)-3-phenylprop-2-en-1-one (7d).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a yellow oil (82.6 mg, 65% yield): 1H 
NMR (400 MHz, CDCl3) δ 16.85 (s, 1H), 7.97-8.00 (m, 2H), 7.47-7.57 (m, 5H), 7.40 (t, J = 7.8 
Hz, 1H), 7.09-7.11 (m, 1H), 6.84 (s, 1H), 3.89 (s, 3H). The 1H NMR spectral data are in good 
agreement with the literature data.55  




The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (103.5 mg, 79% yield): m.p. 
104.1-105.8 °C; 1H NMR (400 MHz, CDCl3) δ 16.36 (s, 1H), 8.11 (d, J = 8.2 Hz, 2H), 7.94 (d, J 
= 8.2 Hz, 2H), 6.34 (s, 1H), 3.95 (s, 3H), 1.26 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 204.8, 
182.3, 166.5, 139.5, 133.2, 130.0, 127.1, 93.1, 52.6, 40.5, 27.5; HRMS (HESI-ORBITRAP) m/z: 
[M+H]+ calcd for (C15H19O4)
+ 263.1278, found 263.1274. 
1-(cyclohex-1-en-1-yl)-3-(4-methoxyphenyl)propane-1,3-dione (7f).  
 
The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a yellow solid (90.4 mg, 70% yield): m.p. 
61.3-62.0 °C; 1H NMR (400 MHz, CDCl3) δ 16.51 (s, 1H), 7.90 (d, J = 9.1 Hz, 2H), 6.96-6.99 (m, 
1H), 6.95 (d, J = 8.9 Hz, 2H), 6.32 (s, 1H), 3.87 (s, 3H), 2.26-2.33 (m ,4H), 1.64-1.75 (m, 4H). 
13C{1H} NMR (100 MHz, CDCl3) δ 187.2, 183.4, 163.2, 136.5, 134.2, 129.4, 129.1, 114.1, 91.7, 
55.7, 26.3, 24.0, 22.4, 21.8; HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C16H19O3)
+ 259.1334, 
found 259.1332. 




The crude product was purified by flash column chromatography on silica gel (eluent: 5:1 
hexanes/ethyl acetate) and this product was obtained as a red solid (78.4 mg, 70% yield): m.p. 
77.2-78.0 °C; 1H NMR (400 MHz, CDCl3) δ 16.89 (s, 1H), 7.99-8.01 (m, 4H), 7.54-7.58 (m, 2H), 
7.48-7.52 (m, 4H), 6.87 (s, 1H). The 1H NMR spectral data are in good agreement with the 





Iodine-mediated C-N Bond Cross-coupling Reactions Between Amides and 
Aldehydes 
 
2.1.1 Introduction  
Recently, iodine-mediated oxidative cross-coupling reactions have been extensively 
examined, which serve as solutions to the problem of residual metal in transition-metal catalysis.57 
Moreover, evident advantages have been identified in the iodine catalysis over the transition-metal 
catalysis, such as greener, milder reaction conditions, greater atom economy, and broader substrate 
compatibility, collectively making the iodine catalysis more powerful and promising in organic 
synthesis. In general, different roles of iodine catalysts have been proposed in previous studies: 1) 
iodine as a radical initiator to decompose peroxides,58 2) α-carbon activation by molecular iodine 

















It is of importance to have the construction of the C–N bond as it opens windows for the 
introduction of nitrogen in organic molecules. Heterocyclic compounds, especially the nitrogen 
containing compounds, are essential due to their abundance in a variety of natural products as well 
as in synthetic organic compounds that show intriguing biological activities. Copper was the first 
metal used by Ullmann and Goldberg for the construction of the C–N bond.61 At later stages, 
palladium and other metals catalyzed C-N bond cross-coupling have been well-developed. C–N 
bond formation without the use of any metal catalyst is of interest. It is worth noting that a handful 
of protocols can promote C–N bond formation in an efficient way even under mild reaction 
conditions. Generally, the mechanism of iodine-mediated C-N formation reactions proceed 
through polar or radical processes, and C-I or N-I bond intermediates play significant roles in 
numerous relevant reactions62. In addition, it is also well known that a radical species can be 
generated from iodine reagents with peroxides.63 
Imide motifs exist in a wide range of natural products, pharmaceuticals, and material 
molecules64. Traditional synthetic routes have focused on the acylation of amides or amines with 
carboxylic acids, acyl chlorides and acid anhydride.65 The direct oxidation of N-akylbenzamide66 
and ceric ammonium nitrate (CAN) that promotes oxidation of oxazoles67 has also been 









Scheme 2.2. Previous synthesis of imides routes.  
 
However, obvious limitations of these methods include the lability of the activated acid 
derivatives, low atom economy, environmental pollutions, and tedious procedures. To diversify 
and develop non-metal catalyzed C-N bond cross-coupling reactions, we aimed to examine the 
reactions between amides and aldehydes by iodine catalysis. Recently, the N-acylation of amides 
using aldehydes or alcohols as the acylation reagents has attracted growing interest, including 
transition-metal such as copper(I)68 or rhodium (III)69 catalyzed oxidative amidation of alcohols 
or aldehydes with amides and the N-heterocyclic carbene (NHC)70 catalyzed N-acylation of amides 
with aldehydes under oxidative conditions. Therefore, we utilized iodine catalysis to approach C-
N bond coupling between aldehydes and amides or amines. Inspired by recent developments of 
transition-metal-free oxidative cross-coupling using the combination of tetrabutylammonium 
halides (TBAX) with K2S2O8,
71 we have examined the role of tetrabutylammonium 
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peroxydisulfate as a radical initiator to approach imides through N-acylation of amides with 
aldehydes (Scheme 2.3), and herein we reported the work in detail.  







2.2.1 Results and Discussion  
Initially, the coupling of model substrates acetamide and benzaldehyde was explored in the 
presence of either TBAI or K2S2O8 (Table 2.1, entries 1 and 2) and no reactions have been detected. 
When ammonium peroxydisulfate was employed as the catalyst in acetonitrile, the reaction 
afforded a 27% yield of N-acetylbenzamide 8a. (Table 2.1, entry 3). Afterwards, we examined 
other ionic peroxydisulfate oxidants. First, the combination of 18-crown-6 with potassium 
peroxydisulfate was applied in this reaction and 43% of the corresponding of imide 8a was formed 
(Table 2.1, entry 4). Then, the application of 10 mol% of tetrabutylammonium iodide (TBAI) with 
potassium peroxydisulfate resulted in a 66% yield of 8a (Table 2.1, entry 5). Mixing potassium 
peroxydisulfate with tetrabutylammonium bromide (TBAB) or tetrabutylammonium chloride 
(TBAC) in the reaction were obtained 2% and 8% of N-acetylbenzamide 8a, respectively (Table 
2.1, entries 6 and 7). When one equivalent of 18-crown-6 as the phase transfer agent was added to 
the condition of entry 5, the reaction yield decreased to 32% (Table 2.1, entry 8). Furthermore, no 
products were observed when other peroxides such as cumene hydroperoxide (CHP), hydrogen 
peroxide or benzoyl peroxide were used, but benzoic acid was formed when tert-butyl 
hydroperoxide (TBHP) was added in the reaction (Table 2.1, entries 9-12). A quick solvent 
screening showed that moderate yields were obtained in solvents such as toluene, THF and DMF, 
while no reaction occurred in DMSO and only benzoic acid was obtained in acetonitrile/water 
(Table 2.1, entries 13-17). We also tested pH effects in the reaction. The evaluation of buffer 
convinced that the addition of one equivalent of sodium acetate into the catalytic system increased 
the yield to 76% (Table 2.1, entry 21). In addition, we also tested amines with aldehydes under the 














1 TBAI - - CH3CN NR 
2 - K2S2O8 - CH3CN NR 
3 - (NH4)2S2O8 - CH3CN 27% 
4 - K2S2O8 18-crown-6 CH3CN 43% 
5 TBAI K2S2O8 - CH3CN 66% 
6 TBAB K2S2O8 - CH3CN 2% 
7 TBAC K2S2O8 - CH3CN 8% 
8 TBAI K2S2O8 18-crown-6 CH3CN 32% 
9 TBAI TBHPd - CH3CN benzoic acid 
10 TBAI CHPe - CH3CN NR 
11 TBAI H2O2 - CH3CN NR 
12  TBAI  Benzoyl 
peroxide 
- CH3CN NR 
13  TBAI K2S2O8 - toluene 47% 
14c TBAI K2S2O8 - THF 51% 
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15  TBAI K2S2O8 - DMSO NR 
16  TBAI K2S2O8 - DMF 23% 
17  TBAI K2S2O8 - CH3CN/Water 
=1:1 
benzoic acid 
18 TBAI K2S2O8 CH3COOH CH3CN 40% 
19 TBAI K2S2O8 Na2CO3 CH3CN benzoic acid 
20 TBAI K2S2O8 LiOAc CH3CN 24% 
21 TBAI K2S2O8 NaOAc CH3CN 76% 
22 TBAI K2S2O8 NH4OAc CH3CN 13% 
a General procedure: The iodine catalysts (10 mol%), peroxides (2 equivalents), amides (1 equivalent), aldehydes 
(1.2 equivalents) additive (1 equivalent), and solvent (5 mL) were added in a 20 mL glass vial sealed with a pressure 
relief cap. The reaction mixture was sealed and stirred at 80 °C overnight. b Isolated yields after column 
chromatography. c The reaction was carried out at 60 °C overnight.d TBHP stands for tert-butyl hydroperoxide. e CHP 
stands for cumene hydroperoxide. 
 
With the optimized reaction conditions, the scope of the N-acylation of amides with 
aldehydes was investigated (Table 2.2). Both aliphatic (alkyl and alkenyl) and aromatic amides 
were well accommodated in this reaction. Electron-donating groups such as methoxy (MeO, 8i) 
and electron-withdrawing groups such as fluorine (F, 8g) were both compatible in the reaction. 
Lactam (pyrrolidin-2-one) was also tolerated (8l) but another secondary amide (N-
methylbenzamide) cannot be reacted under this condition. Additionally, α, β-unsaturated imides 
were successfully synthesized (8j and 8k), which were broadly used in (salen)aluminum-catalyzed 
or thiourea-catalyzed asymmetric conjugate addition reactions72. Reactions of both aliphatic and 
aromatic (aryl and heteroaryl) aldehydes furnished the corresponding products in good yields. 
Besides, the reaction between meta-anisaldehyde and benzamide afforded the mixture of the 
corresponding imide and formyl imide. Those formyl imides were observed as well when p-or o-
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anisaldehyde reacted with amides. We speculated that electronic effects would lead to a 
rearrangement. 
















a General procedure: TBAI (10 mol%), K2S2O8 (2.0 equivalents), amides (1.0 equivalent), aldehydes (1.2 equivalents), 
NaOAc (1.0 equivalent), and CH3CN (5 mL) were added in a 20 mL glass vial sealed with a pressure relief cap. The 
reaction mixture was sealed and stirred at the temperature overnight. b Yields isolated after column chromatography.  
 
Previous studies indicated that the combination of TBAI and K2S2O8 could act as radical 
initiators73. When three equivalents of (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) were 
added to the reaction, a TEMPO-adduct (11a) was obtained in 11% yields (Eq. 2.1), while no 
desired imide products were observed.  
Equation 2.1. The radical trapping experiments.  
 
Based on our preliminary findings as well as prior evidence in literature,74 two plausible 
mechanisms were depicted in Scheme 2.4. TBAI and K2S2O8 may act as the radical initiator to 
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produce bis(tetrabutylammonium) peroxydisulfate which can readily generate 
tetrabutylammonium sulfate anion radical at an elevated temperature. Since tetrabutylammonium 
bromide (TBAB) and tetrabutylammonium chloride (TBAC) obtained extremely low yields, we 
assumed that iodide participated in the reaction. In the proposed mechanism A, 
tetrabutylammonium sulfate anion radical reacts with iodide to generate an iodine radical, which 
abstracts the aldehyde hydrogen to produce radical 1. The amide resonance 2 reacts with acyl 
radical 1 to afford the radical intermediate 3. The resulting intermediate 3 is oxidized by the sulfate 
radical anion to produce imides and bisulfate that would be neutralized to acetic acid by sodium 
acetate. 
Another possible reaction pathway (mechanism B) is presented here. The peroxosulfate 
radical intermediate 5 is formed by tetrabutylammonium sulfate anion radical with aldehydes. 
Furthermore, the intermediate 5 with the amide resonance 2 could afford another peroxosulfate 
radical intermediate 6. Then it will be oxidized by iodine radical to intermediate 7, which is 
consistent with a previous reported work74. It would be followed by a hydrogen migration to form 
the corresponding imides and bisulfate. Like the proposed mechanism A, bisulfate would be 














In addition, we found a cyclization reaction between 2-aminobenzamide and benzaldehyde 
in the presence of TBAI with K2S2O8. The corresponding product - 2-phenylquinazolin-4(3H)-one 
was obtained in an excellent yield (Table 2.3, 9a). Three other different aldehydes were further 
examined in the reaction with 2-aminobenzamide. Both electron-withdrawing and electron-
donating groups bearing aryl aldehydes were compatible with the reaction conditions and afforded 
83% (9b) and 65% (9d) yields, respectively. The synthesis of quinazolinone product (9c) suggested 
that aliphatic aldehydes are compatible as well.  







a General procedure: TBAI (0.1 eq), K2S2O8 (2.0 equivalents), 2-aminobenzamide (1.0 equivalents), aldehydes (1.0 
equivalents), and CH3CN (5 mL) were added in a 20 mL glass vial sealed with a pressure relief cap. The reaction 




In order to demonstrate the cyclization protocol, we first examined this reaction by adding 
(2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO), but the reaction could not be suppressed. 
Therefore, we speculated that the purposed cyclization mechanism is not a radical process as N-
acylation reaction. Based on prior evidence75, we assumed that the condensation and the 
subsequent oxidation would possibly occur between 2-aminobenzamide and aldehydes. It has been 
proved in the following of proposed cyclization mechanism test. When mixing 2-aminobenzamide 
with benzaldehyde in acetonitrile at 80 °C without any catalysts in the reaction, a cyclic aminal 
10a was formed in 64% yield. Further, an addition of TBAI and K2S2O8 with 10a afforded 
quinazolinones 9a (Scheme 2.5).  
Scheme 2.5. Dehydrogenation of aminal 10a in the presence of TBAI with K2S2O8. 
 
 
 In the next investigation, we were seeking the answer to explain the formylation reaction 
between amides and p-or o-anisaldehyde during N-acylation reaction we found in previous. The 
reaction only obtained formyl imides instead of general imides. And we thought the reaction 







Therefore, we started to investigate the electronic effects on aryl aldehydes. Based on the 
preliminary findings, we assumed that this reaction undergoes a similar pathway to the Dakin 
oxidation76 (Scheme 2.6). A rearrangement occurred among the peroxosulfate intermediate when 
a strong electron donating substituent present at the para- or ortho-positions of aryl aldehydes 
reacted with amides.  
Scheme 2.6. Dakin oxidation.  
 
The Dakin oxidation has been discovered for over one century and many modified methods 
have been used to produce phenols from aryl aldehydes or aryl ketones. The method that we found 
could directly conduct an N-formylation of amides through a phenyl group migration. Either the 
corresponding formyl imides or imides was produced from peroxosulfate intermediate74 (Scheme 
2.7) depending on the electrophilicity of substituents on aldehydes. For instance, when an aryl 
aldehyde was substituted by an electron donating substituent (p-MeO), it generated 4-








Scheme 2.7. Two different migrations in the peroxosulfate intermediates.  
 
N-formylation of amides is a very useful process in synthetic chemistry. Formyl-imides are 
widely applied in the manufacture of natural products and pharmaceutical intermediates77 (Scheme 
2.8). Many methods have been developed for the preparation of formyl-imides78. Traditionally, 
various formylation reagents generate numerous waste and poor atom-economy such as formate, 
formic acid, formaldehyde, chloral, methanol, and carbon dioxide.79  




Recently, similar formylated amides reactions were reported by Mandal’s group. They used 
an N-heterocyclic carbene as the catalyst to approach the formyl-imides in the presence of carbon 
dioxide (CO2) and hydrosilane
80 (Scheme 2.9). Comparing with our catalysis system, the 
advantages of our strategy are more environment-friendly and economic. In addition, this is a facile 
reaction that freshmen can easily handle without tedious procedures.   
Scheme 2.9. N-formylation of amides. 
 
 
2.2.2 Results and Discussion  
At an early stage of this investigation, we tried to conduct an oxidative acylation between 
aldehydes and amides by iodine catalysis. We noticed that neither TBAI nor K2S2O8 initiated the 
desired reaction (Table 2.4, entries 1 and 2). However, an unexpected N-formylation reaction took 
place in the presence of TBAI/K2S2O8, when amides were mixed with p-anisaldehyde. N-
formylbenzamide 12a was obtained in a 67% yield (Table 2.4, entry 3). An 80% yield was obtained 
when a mild base was added to the reaction (Table 2.4, entry 4). However, when other iodine 
reagents with K2S2O8 (Table 2.4, entries 5-10) were applied in the reaction, no products were 
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obtained. Therefore, we speculated that the working catalyst was tetrabutylammonium 
peroxydisulfate, which was generated from TBAI and K2S2O8 at an elevated temperature. To 
validate this protocol, other tetrabutylammonium halides (TBAC, TBAB) and 
tetraethylammonium iodide (TEAI) were examined in this reaction and separately resulted in a 
13%, 29% and 14% yield of 12a (Table 2.4, entries 11, 12 and 13), respectively. In addition, most 
solvents screening received negative results except that tetrahydrofuran (THF) generated a 17% 
yield (Table 2.4, entry 14). 










1 TBAI - - CH3CN NR 
2 - K2S2O8 - CH3CN NR 
3 TBAI K2S2O8 - CH3CN 67% 
4 TBAI K2S2O8 NaOAc CH3CN 80% 
5 I2 K2S2O8 NaOAc CH3CN NR 
6 KI K2S2O8 NaOAc CH3CN NR 
7 NIS K2S2O8 NaOAc CH3CN NR 
8 PhI K2S2O8 NaOAc CH3CN NR 
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9 PIDAd K2S2O8 NaOAc CH3CN NR 
10 DMPe K2S2O8 NaOAc CH3CN NR 
11 TBAC K2S2O8 NaOAc CH3CN 13% 
12 TBAB K2S2O8 NaOAc CH3CN 29% 
13 TEAI K2S2O8 NaOAc CH3CN 14% 
14c TBAI K2S2O8 NaOAc THF 17% 
15 TBAI K2S2O8 NaOAc DMSO NR 
16  TBAI K2S2O8 NaOAc DCE NR 
17  TBAI K2S2O8 NaOAc DMAC NR 
a General procedure: The iodine catalysts (10 mol%), K2S2O8 (2 equivalents), amides (1 equivalent), p-anisaldehyde 
(1.2 equivalents) base (1 equivalent), and solvent (5 mL) were added in a 20 mL glass vial sealed with a pressure relief 
cap. The reaction vial was sealed, and the mixture was stirred at 80 °C overnight. b Isolated yields after column 
chromatography. cThe reaction was carried out at 66 °C. d PIDA stands for phenyliodine (III) diacetate. e DMP stands 
for Dess–Martin periodinane. 
We then tested para, meta, and ortho-anisaldehydes with benzamide under the same 
conditions (Table 2.5, entries 1-3). Para or ortho-aldehydes with methoxy groups only generated 
a formylation product, while meta-anisaldehyde reacted with benzamide to form a mixture of N-
formylbenzamide 12a (16%) and the corresponding imide (21%). Additionally, benzaldehyde 
reacted with benzamide would afford the major corresponding imides (Table 2.5, entry 4) and the 
trace amount of N-formylbenzamide 12a. According to the Dakin reaction mechanism, our results 
suggest that aryl aldehydes bearing electron donating groups (methoxy) at ortho-or para-position 
trigger N-formylation reactions since phenyl group migration occurs rather than hydrogen 
migration in the intermediate peroxosuflates74 (Scheme 2.7). All the para-tolualdehyde, 4-
hydroxybenzaldehyde, 2-hydroxybenzaldehyde and heterocyclic substituted aldehyde- thiophene-




Table 2.5 An electronic effect study of N-formylation of amides with different aldehydes. 
 
Entry Aldehydes (R1) N-formylbenzamide 12a  
(yield %) b 
Imides 8 (yield %) b 
1 para-anisaldehyde 80% 0% 
2 ortho-anisaldehyde 78% 0% 
3 meta-anisaldehyde 16% 21% 
4 benzaldehyde trace 79% 
5 para-tolualdehyde 57% 0% 
6 4-hydroxybenzaldehyde 22% 0% 
7 2-hydroxybenzaldehyde 13% 0% 
8 thiophene-2-carbaldehyde 26% 0% 
a General procedure: TBAI (10 mol%), K2S2O8 (2.0 equivalents), benzamide (1.0 equivalent), aldehydes (1.2 
equivalents), NaOAc (1.0 equivalent), and CH3CN (5 mL) were added in a 20 mL glass vial sealed with a pressure 
relief cap. The reaction mixture was sealed and stirred at the 80 °C overnight. b Yields isolated after column 
chromatography.  
 
With the optimized reaction conditions in hand, we examined the substrate scope of N-
formylation of amides (Table 2.6). Firstly, the scope of amide substrates bearing different 
substituents on aryl rings (R) was investigated. Gratifyingly, the corresponding formylated 
products were obtained in moderate to excellent yields and the reaction displayed a good 
compatibility. Aromatic amides bearing para, meta or ortho-substituents (12b-12d) were 
compatible under this condition. Both electron-donating groups such as methoxy (12e) and 
electron-withdrawing groups such as methyl ester (12f) could afford the desired product in 88% 
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and 62% yields, respectively. It was worth noting that both aliphatic groups (12j, 12k) could give 
excellent yields and the corresponding product (12j) can make further structural elaboration 
feasible77b,c. In addition, α, β unsaturated imides were successfully synthesized (12h, 12i), which 
were broadly used in synthesis of lansiumamides A and B and alatamide77a. Subsequently, the 
reactants were extended to heterocyclic amides (12m, 12n). Both worked very well and gave the 
anticipated products in 33% and 60% yields. Unfortunately, the secondary amide, N-
methylbenzamide (12o) failed under this condition while the starting material was fully recovered.  














a General procedure: TBAI (10 mol%), K2S2O8 (2.0 equivalents), amides (1.0 equivalent), p-anisaldehyde (1.2 
equivalents), NaOAc (1.0 equivalent), and CH3CN (5 mL) were added in a 20 mL glass vial sealed with a pressure 
relief cap. The reaction mixture was sealed and stirred at 80 °C overnight. b Isolated yields after column 
chromatography.  
 
We initially assumed that 4-methoxyphenyl formate could be the intermediate that reacted 
with amides in the presence of TBAI and K2S2O8. Trace amount of 4-methoxyphenyl formate was 
found during our previous screening experiments, therefore, we examined the reaction between 4-
methoxyphenyl formate and benzamide. However, no desired products were obtained, while the 
starting material was fully recovered (Scheme 2.10, Eq. 2.2). Subsequently, we tested p-
anisaldehyde under this oxidative condition to validate our protocol (Scheme 2.10, Eq. 2.3). 
According to the Baeyer–Villiger oxidation, we assumed that the products could be the acid or 
corresponding formate. Our results showed that 4-methoxybenzoic acid and trace amount of 
formate were obtained. Given that the major formation was the corresponding acid, we further 
examined 4-methoxybenzoic acid with benzamide, but no reaction occurred either. (Scheme 2.10, 
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Eq. 2.4) Therefore, we concluded that the reaction could not proceed through a polar mechanism 
and further examined the radical mechanism in the following experiments.  
Scheme 2.10 Control experiments.   
 
 
Previous studies indicated that the combination of TBAI and K2S2O8 could act as a radical 
initiator74. When three equivalents of (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) were 
added to the reaction, the reaction was completely suppressed (Eq. 2.5), though no TEMPO-adduct 
products were obtained. This finding indicated that the reaction proceeded through a radical 
pathway without the formation of an acyl radical. Therefore, we assumed that an intermediate 
peroxosulfate radical is formed under this condition and further go through phenyl group migration 







Equation 2.5 The Radical trapping experiments. 
 
Based on our preliminary findings as well as prior evidence in literature74, a plausible 
mechanism was depicted in Scheme 2.11. The TBAI with K2S2O8 acts as the radical initiator to 
produce bis(tetrabutylammonium) peroxydisulfate which can readily generate 
tetrabutylammonium sulfate anion radical at an elevated temperature. The tetrabutylammonium 
sulfate anion radical reacts with p-anisaldehydes to form an intermediate peroxosuflate radical A, 
and then the resonance B of amides reacts with A with a sulfate anion radical to afford another 
intermediate peroxosuflate radical C. Then it will be oxidized to the peroxosuflate intermediate D. 
The resulting intermediate D is followed by a phenyl group migration to produce formyl imides 













Scheme 2.11 Proposed mechanism for N-formylation of amides catalyzed by TBAI and K2S2O8. 
 
In addition, we tested the reaction between benzamide and acetanisole at the same 
condition. However, all starting material was obtained, and no migration occurred. (Scheme 2.12) 
We also found deformylation occurred when the finished formylation reaction was extracted with 
5% sodium hydroxide aqueous solutions. For example, N-formylbenzamide 12a deformylated and 












In this section, we presented iodine-mediated C-N cross-coupling reactions between 
amides and aldehydes via radical pathways. An acylation of amides with aldehydes was described, 
and a special case was reported: a phenyl migration happened in process when electron donating 
groups bearing para-or ortho- positions of aldehydes, such as p-anisaldehyde and o-anisaldehyde. 
In addition, quinazolinones were prepared from aldehydes and 2-aminobenzamides under 
oxidative conditions. To the best of our knowledge, this is the first report that depicted the 
formation of imides and formyl imides with TBAI and K2S2O8 through a radical process.  
 
2.4 Experimental 
General Information for K2S2O8/TBAI Catalyzed: Metal-free, Oxidative Acylation of 
Amides with Aldehydes 
All reactions were carried out in sealed 20 mL glass reaction vials with pressure relief caps, 
unless otherwise indicated. All commercially available chemicals were used as received without 
further purification, unless otherwise noted. Acetonitrile was dried over 4Å molecular sieves 
overnight before use. Molecular sieves (4Å) were activated at 200 °C at 0.5 mmHg for a week 
before use. All 1H and 13C{1H} NMR spectra were recorded at 400 or 500 MHz and 100 or 125 
MHz, respectively, using CDCl3 or DMSO-d6 as solvent. The chemical shifts of all 
1H and 13C{1H} 
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NMR spectra are referenced to the residual signal of CDCl3 (δ 7.26 ppm for the 
1H NMR spectra 
and δ 77.23 ppm for the 13C{1H} NMR spectra) and the residual signal of DMSO-d6 (δ 2.50 ppm 
for the 1H NMR spectra). The high-resolution mass analysis was carried out on high resolution 
mass spectrometers using electrospray ionization (ESI-TOF) method. Samples were dissolved in 
acetonitrile and analyzed via flow injection into the mass spectrometer at a flow rate of 200 
µL/min. The mobile phase was 90:10 methanol: water, with 0.1% formic acid. The melting points 
are uncorrected.  
General Procedure for the Preparation of Imides via N-Acylation of Aldehydes with Amides. 
An oven dried 20 mL glass reaction vials was charged with amides (1.0 mmol, 1.0 equiv.), 
aldehydes (1.2 mmol, 1.2 equiv.), tetrabutylammonium iodide (0.1 mmol, 36.9 mg), potassium 
persulfate (2.0 mmol, 540.6 mg), sodium acetate (1.0 mmol, 82.0 mg) and anhydrous acetonitrile 
(5 mL). The reaction mixture was stirred at 80 °C for 15 h. The reaction mixture was diluted with 
20 mL of ethyl acetate and washed with brine (20 mL). The aqueous phase was extracted with 
ethyl acetate (2 × 15 mL). The combined organic layers were dried over anhydrous MgSO4 and 
concentrated using a rotary evaporator under reduced pressure (20 mmHg). The subsequent residue 
was purified by flash column chromatography on silica gel (eluent: 3/1: hexanes/ethyl acetate) to 
afford the corresponding product. 
N-acetylbenzamide (8a) 
 
This product was obtained as a white solid (123.9 mg, 76% yield): m.p. 114.2-115.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.88 (s, 1H), 7.87 (d, J = 7.9 Hz, 2H), 7.62 (t, J = 7.5 Hz, 1H), 7.51 (t, J = 
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This product was obtained as a white solid (90.4 mg, 51% yield): m.p. 96.0-96.5 °C; 1H NMR (500 
MHz, CDCl3) δ 9.10 (s, 1H), 7.90 (d, J = 7.3 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.49 (t, J = 7.8 Hz, 
2H), 3.03 (q, J = 7.3 Hz, 2H), 1.20 (t, J = 7.6 Hz, 3H). The 1H NMR spectral data are in good 
agreement with the literature data.67  
N-(2-(naphthalen-2-yl)acetyl)benzamide (8c) 
 
This product was obtained as a white solid (153.2 mg, 53% yield): m.p. 175.0-175.3 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.93 (s, 1H), 7.89-7.95 (m, 2H), 7.84-7.86 (m, 1H), 7.74 (d, J = 7.7 Hz, 2H), 
7.46-7.58 (m, 5H), 7.37 (t, J = 7.6 Hz, 2H), 4.74 (s, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 
173.5, 165.8, 134.1, 133.5, 132.7, 132.5, 130.5, 129.1, 129.0, 128.6, 128.5, 127.9, 126.7, 126.1, 
125.7, 124.0, 42.2; HRMS (ESI-TOF) calcd for (C19H15NO2+Na)






This product was obtained as a white solid (202.6 mg, 80% yield): m.p. 105.7-106.3 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.64 (s, 1H), 7.83 (d, J = 7.3 Hz, 2H), 7.61 (t, J = 7.5 Hz 1H), 7.50 (t, J = 8.0 
Hz 2H), 7.28-7.32 (m, 4H), 7.20-7.23 (m, 1H), 3.45 (t, J = 7.7 Hz 2H), 3.05 (t, J = 7.3 Hz 2H). 
The 1H NMR spectral data are in good agreement with the literature data.81 
N-(2-phenylacetyl)benzamide (8e) 
 
This product was obtained as a white solid (148.3 mg, 62% yield): m.p. 132.1-132.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.74 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 
8.0 Hz, 2H), 7.30-7.36 (m, 5H), 4.33 (s, 2H). The 1H NMR spectral data are in good agreement 
with the literature data.67  
N-benzoylbenzamide (8f) 
 
This product was obtained as a white solid (177.8 mg, 79% yield): m.p. 140.5-141.2 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.89 (s, 1H), 7.87 (d, J = 7.4 Hz, 4H), 7.62 (t, J = 6.5 Hz, 2H), 7.52 (t, J = 





This product was obtained as a white solid (136.2 mg, 56% yield): m.p. 126.6-127.3 °C; 1H NMR 
(500 MHz, CDCl3) δ 9.04 (s, 1H), 7.86-7.91 (m, 4H), 7.61 (t, J = 7.1 Hz 1H), 7.50 (t, J = 8.2 Hz 




This product was obtained as a yellow solid (184.0 mg, 77% yield): m.p. 104.0-105.6 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.86 (s, 1H), 7.87 (d, J = 7.4 Hz, 2H), 7.77 (d, J = 7.4 Hz, 2H), 7.61 (t, J = 
7.3 Hz, 1H), 7.51 (t, J = 7.3 Hz, 2H), 7.31 (d, J = 7.3 Hz, 2H), 2.44 (s, 3H). The 1H NMR spectral 
data are in good agreement with the literature data.82  
N-benzoyl-4-methoxybenzamide (8i) 
 
This product was obtained as a yellow solid (155.7 mg, 61% yield): m.p. 102.6-103.6 °C 1H NMR 
(400 MHz, CDCl3) δ 8.94 (s, 1H), 7.84-7.86 (m, 4H), 7.57-7.61 (m, 1H), 7.49 (t, J = 7.4 Hz, 2H), 
6.97 (d, J = 8.9 Hz, 2H), 3.87 (s, 3H). The 1H NMR spectral data are in good agreement with the 





This product was obtained as a white solid (113.0 mg, 45% yield): m.p. 139.6-140.2 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.96 (s, 1H), 7.84-7.94 (m, 4H), 7.61-7.66 (m, 3H), 7.53 (t, J = 8.0 Hz, 2H), 
7.40-7.43 (m, 3H). The 1H NMR spectral data are in good agreement with the literature data. 68b  
N-acryloylbenzamide (8k) 
 
This product was obtained as a white solid  (85.8 mg, 49% yield): m.p. 114.3-114.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.53 (s, 1H), 7.87 (d, J = 7.8 Hz 2H), 7.63 (t, J = 7.3 Hz 1H), 7.52 (t, J = 7.8 
Hz 2H), 7.38 (dd, J = 16.4, 10.8 Hz 1H), 6.61 (dd, J = 17.4, 1.7 Hz 1H), 5.97 (dd, J = 10.6, 1.2 Hz 
1H); 13C{1H} NMR (100 MHz, CDCl3) δ 167.3, 165.8, 133.6, 133.0, 132.2, 129.8, 129.3, 127.9; 
HRMS (ESI-TOF) calcd for (C10H9NO2+Na)
+ [M+Na]+ 198.0525, found 198.0525. 
1-benzoylpyrrolidin-2-one (8l) 
 
This product was obtained as a white solid (117.3 mg, 62% yield): m.p. 85.7-86.4 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.59-7.61 (m, 2H), 7.49-7.53 (m, 1H), 7.39-7.43 (m, 2H), 3.96 (t, J = 7.2 Hz, 
2H), 2.60 (t, J = 8.0 Hz, 2H), 2.14 (quintet, J = 7.6 Hz, 2H). The 1H NMR spectral data are in good 
agreement with the literature data.68b  




This product was obtained as a white solid (177.0 mg, 80% yield): m.p. 166.3-167.5 °C; 1H NMR 
(500 MHz, CDCl3) δ 8.73 (s, 1H), 8.17 (d, J = 8.5 Hz 2H), 7.92 (d, J = 8.3 Hz 2H), 3.96 (s, 3H), 
2.63 (s, 3H). The 1H NMR spectral data are in good agreement with the literature data.83 
N-acetyl-4-nitrobenzamide (8n) 
 
This product was obtained as a yellow solid (93.6 mg, 45% yield): m.p. 223.3-224.5 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.95 (s, 1H), 8.37 (d, J = 8.5 Hz 2H), 8.06 (d, J = 8.5 Hz 2H), 2.64 (s, 3H). 
The 1H NMR spectral data are in good agreement with the literature data. 68a  
N-acetylpicolinamide (8o) 
 
This product was obtained as a black solid (52.5 mg, 32% yield): m.p. 62.9-64.1 °C; 1H NMR (400 
MHz, CDCl3) δ 10.47 (s, 1H), 8.61 (d, J = 5.2 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.92 (td, J = 7.7, 
1.8 Hz, 1H), 7.52-7.55 (m, 1H), 2.61 (s, 3H). The 1H NMR spectral data are in good agreement 





This product was obtained as a white solid (182.4 mg, 60% yield): m.p. 161.1-162.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.94 (s, 1H), 7.89 (d, J = 7.6 Hz 2H), 7.63 (t, J = 7.7 Hz 2H), 7.50-7.55 (m, 
3H), 7.44 (td, J = 7.6, 1.3 Hz 1H), 7.37 (td, J = 7.9, 1.8 Hz 1H); 13C{1H} NMR (100 MHz, CDCl3) 
δ 168.1, 164.9, 137.3, 133.7, 133.3, 132.6, 132.1, 129.5, 129.3, 128.1, 127.9, 118.9; HRMS (ESI-
TOF) calcd for (C14H10BrNO2+Na)
+ [M+Na]+ 325.9787, found 325.9771. 
N-(3-phenylpropanoyl)benzamide (8q) 
 
This product was obtained as a white solid (184.9 mg, 73% yield): m.p. 105.7-106.3°C; 1H NMR 
(500 MHz, CDCl3) δ 8.64 (s, 1H), 7.83 (d, J = 7.3 Hz, 2H), 7.61 (t, J = 7.5 Hz 1H), 7.50 (t, J = 8.0 
Hz 2H), 7.28-7.32 (m, 4H), 7.20-7.23 (m, 1H), 3.45 (t, J = 7.7 Hz 2H), 3.05 (t, J = 7.3 Hz 2H). 
The 1H NMR spectral data are in good agreement with the literature data.66a  
N-benzoyl-3-methoxybenzamide (8r-1) 
 
This product was obtained as a yellow solid (53.6 mg, 21% yield): m.p. 121.1-121.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.09 (s, 1H), 7.84-7.87 (m, 2H), 7.58-7.62 (m, 1H), 7.49 (t, J = 7.9 Hz, 2H), 
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7.39-7.42 (m, 3H), 7.11-7.14 (m, 1H), 3.85 (s, 3H). The 1H NMR spectral data are in good 
agreement with the literature data.68b  
N-formylbenzamide (8r-2) 
 
This product was obtained as a yellow solid (23.9 mg, 16% yield): m.p. 98.2-100.3 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.81 (s, 1H), 9.40 (d, J = 9.4 Hz, 1H), 7.97-7.99 (m, 2H), 7.64-7.68 (m, 1H), 
7.53-7.57 (m, 2H). The 1H NMR spectral data are in good agreement with the literature data.80  
General Procedure for the Preparation of Quinazolinones 
An oven dried 20 mL glass reaction vial was charged with 2-aminobenzamide (1.0 mmol, 
1.0 equiv), aldehydes (1.2 mmol, 1.2 equiv), tetrabutylammonium iodide (0.1 mmol, 36.9 mg), 
potassium persulfate (2.0 mmol, 540.6 mg) and anhydrous acetonitrile (5 mL). The reaction 
mixture was stirred at 80 °C for 20 h. The reaction mixture was diluted with 20 mL of ethyl acetate 
and washed with brine (20 mL). The aqueous phase was extracted with ethyl acetate (2 × 15 mL). 
The combined organic layers were dried over anhydrous MgSO4 and concentrated using a rotary 
evaporator under reduced pressure (20 mmHg). The subsequent residue was purified by flash 






This product was obtained as a yellow solid (219.8 mg, 99% yield): m.p. 232.0-232.7 °C; 1H NMR 
(500 MHz, CDCl3) δ 11.78 (s, 1H), 8.34 (d, J = 7.8 Hz, 1H), 8.27-8.29 (m, 2H), 7.80-7.86 (m, 2H), 
7.60 (t, J = 3.1 Hz, 3H), 7.52 (t, J = 7.4 Hz, 1H). The 1H NMR spectral data are in good agreement 
with the literature data.84 
2-(2-bromophenyl)quinazolin-4(3H)-one (9b) 
 
This product was obtained as a white solid (249.8 mg, 83% yield): m.p. 167.4-168.2 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.62 (s, 1H), 8.32 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 3.2 Hz 2H), 7.76 (dd, J = 
7.7, 1.6 Hz, 1H), 7.72 (dd, J = 8.0, 1.1 Hz, 1H), 7.53-7.57 (m, 1H), 7.50 (td, J = 7.5, 1.1 Hz, 1H), 




This product was obtained as a white solid (175.0 mg, 70% yield): m.p. 205.0-205.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 11.18 (s, 1H), 8.29 (dd, J = 8.0, 1.0 Hz, 1H), 7.78-7.82 (m, 1H), 7.73 (d, J = 
7.5 Hz, 1H), 7.47-7.51 (m, 1H), 7.28-7.34 (m, 4H), 7.20-7.24 (m, 1H), 3.18-3.22 (m, 2H), 3.05-





This product was obtained as a white solid (163.8 mg, 65% yield): m.p. 188.5-189.3°C; 1H NMR 
(400 MHz,DMSO-d6) δ 12.43 (s, 1H), 8.20 (d, J = 9.0 Hz, 2H), 8.14 (d, J = 7.1 Hz, 1H), 7.82 (t, J 
= 7.8 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.10 (d, J = 8.9 Hz, 2H), 3.86 (s, 
3H). The 1H NMR spectral data are in good agreement with the literature data.75a  
General Procedure for the Preparation of 2-phenyl-2,3-dihydroquinazolin-4(1H)-one 
An oven dried 20 mL glass reaction vial was charged with 2-aminobenzamide (1.0 mmol, 
1.0 equiv.), benzaldehyde (1.2 mmol, 1.2 equiv.) and anhydrous acetonitrile (5 mL). The reaction 
mixture was stirred at 80 Celsius degree for 20 h. The reaction mixture was diluted with 20 mL of 
ethyl acetate and washed with brine (20 mL). The aqueous phase was extracted with ethyl acetate 
(2 × 15 mL). The combined organic layers were dried over anhydrous MgSO4 and concentrated 
using a rotary evaporator under reduced pressure (20 mmHg). The subsequent residue was purified 




This product was obtained as a white solid (144.0 mg, 64% yield): m.p. 227.0-227.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.95 (d, J = 7.7 Hz, 1H), 7.59-7.61 (m, 2H), 7.44-7.46 (m, 3H), 7.34 (td, J = 
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7.6, 1.5 Hz 1H), 6.91 (td, J = 7.5, 0.8 Hz 1H), 6.68 (d, J = 8.0 Hz, 1H), 5.91 (s, 1H), 5.77(s, 1H), 
4.39(s, 1H). The 1H NMR spectral data are in good agreement with the literature data.75a  
General Procedure for the Preparation of 2,2,6,6-tetramethylpiperidin-1-yl benzoate 
An oven dried 20 mL glass reaction vial was charged with benzamide (1.0 mmol, 1.0 
equiv.), benzaldehyde (1.2 mmol, 1.2 equiv.), tetrabutylammonium iodide (0.1 mmol, 36.9 mg), 
potassium persulfate (2.0 mmol, 540.6 mg), (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl (TEMPO) 
(3.0 mmol, 468.8 mg) and anhydrous acetonitrile (5 mL). The reaction mixture was stirred at 80 
°C degree for 24 h. The reaction mixture was diluted with 20 mL of ethyl acetate and washed with 
brine (20 mL). The aqueous phase was extracted with ethyl acetate (2 × 15 mL). The combined 
organic layers were dried over anhydrous MgSO4 and concentrated using a rotary evaporator under 
reduced pressure (20 mmHg). The subsequent residue was purified by flash column 
chromatography on silica gel (eluent: 10/1: hexanes/ethyl acetate) to afford the corresponding 
product. 
2,2,6,6-tetramethylpiperidin-1-yl benzoate (11a) 
 
This product was obtained as an orange solid (28.7 mg, 11% yield): m.p. 65.6-67.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.08 (d, J = 8.1 Hz 2H), 7.58 (t, J = 6.8 Hz 1H), 7.47 (t, J = 7.4 Hz 2H), 1.71-
1.79 (m, 3H), 1.60-1.61 (m, 2H), 1.44-1.48 (m, 1H), 1.28 (s, 6H), 1.12 (s, 6H). The 1H NMR 




General Information for N-Formylation of Amides and Formation of Phenol via Dakin 
Oxidation in Presence of K2S2O8/TBAI  
All reactions were carried out in sealed 4-dram/6-dram vials, unless otherwise indicated. 
All commercially available chemicals were used as received without further purification, unless 
otherwise noted. Acetonitrile is dried by 4Å molecular sieves overnight before use. Molecular 
sieves (4Å) were activated at 200 °C at 0.5 mmHg for a week before use. All 1H and 13C NMR 
spectra were recorded at 400 or 500 MHz and 100 or 125 MHz, respectively, using CDCl3 as 
solvent.  The chemical shifts of all 1H and 13C NMR spectra are referenced to the residual signal 
of CDCl3 (δ 7.26 ppm for the 
1H NMR spectra and δ 77.23 ppm for the 13C NMR spectra). The 
high-resolution mass analysis was carried out on high resolution mass spectrometers using 
electrospray ionization (ESI) method. Samples were dissolved in methylene chloride and methanol 
or methylene chloride and acetonitrile and analyzed via flow injection into the mass spectrometer 
at a flow rate of 200 µL/min. The mobile phase was 90:10 methanol:water, with 0.1% formic acid 
or 90:10 acetonitrile:water, with 0.1% formic acid. The melting points are uncorrected.  
General Procedure for N-Formylation of Amides 
 
An oven dried 4-dram vial was charged with amides (1.0 mmol, 1.0 equiv), p-anisaldehyde 
(1.2 mmol, 1.2 equiv), tetrabutylammonium iodide (0.1 mmol, 36.9 mg), potassium persulfate (2.0 
mmol,  540.6 mg), sodium acetate (1.0 mmol, 82.0 mg) and anhydrous acetonitrile (5 mL). The 
reaction mixture was stirred at 80 Celsius degree for 24 h. The reaction mixture was diluted with 
20 mL of ethyl acetate and washed with brine (20 mL). The aqueous phase was extracted with 
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ethyl acetate (2 × 15 mL). The combined organic layers were dried over anhydrous MgSO4 and 
concentrated using a rotary evaporator under reduced pressure (20 mmHg). The subsequent residue 
was purified by flash column chromatography on silica gel (eluent: 3/1: hexanes/ethyl acetate) to 
afford the corresponding product. 
N-formylbenzamide (12a) 
 
This product was obtained as a yellow solid (119.3 mg, 80% yield): m.p. 98.2-100.3 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.81 (s, 1H), 9.40 (d, J = 9.4 Hz, 1H), 7.97-7.99 (m, 2H), 7.64-7.68 (m, 1H), 
7.53-7.57 (m, 2H). The 1H NMR spectral data are in good agreement with the literature data.86 
N-formyl-4-methylbenzamide (12b) 
 
This product was obtained as a brown solid (128.9 mg, 79% yield): m.p. 129.7-129.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.38 (d, J = 9.6 Hz, 1H), 9.30 (s, 1H), 7.82 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 






This product was obtained as a white solid (130.5 mg, 80% yield): m.p. 121.0-121.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.36 (d, J = 9.7 Hz,1H), 8.98 (s, 1H), 7.72 (s, 1H), 7.67 (d, J = 7.4 Hz, 1H), 




This product was obtained as a brown solid (71.8 mg, 44% yield): m.p. 101.7-102.9 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.25 (d, J = 10.1 Hz,1H), 8.50 (s, 1H), 7.43-7.49 (m, 2H), 7.29-7.33 (m, 2H), 
2.53 (s, 3H). The 1H NMR spectral data are in good agreement with the literature data.86 
N-formyl-4-methoxybenzamide (12e) 
 
This product was obtained as an orange solid (157.7 mg, 88% yield): m.p. 195.5-196.4 °C; 1H 
NMR (400 MHz, CDCl3) δ 9.36 (d, J = 9.8 Hz, 1H), 9.11 (s, 1H), 7.89 (d, J = 9.8 Hz, 2H), 7.01 
(d, J = 9.8 Hz, 2H), 3.90 (s, 3H). The 1H NMR spectral data are in good agreement with the 
literature data.87  




This product was obtained as a brown solid (128.5 mg, 62% yield): m.p. 181.2-181.6 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.45 (s, 1H), 9.38 (d, J = 8.9 Hz, 1H), 8.21 (d, J = 8.9 Hz, 2H), 8.00 (d, J = 
8.4 Hz, 2H), 3.97 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 166.0, 165.9, 163.7, 135.04, 134.97, 
130.5, 128.1, 52.9. HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C10H9NO4+Na)




This product was obtained as an orange solid (83.6 mg, 50% yield): m.p. 159.1-159.4 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.67 (s, 1H), 9.37 (d, J = 9.5 Hz, 1H), 7.99-8.02 (m, 2H), 7.21-7.25 (m, 2H). 
The 1H NMR spectral data are in good agreement with the literature data.87 
N-formylcinnamamide (12h) 
 
This product was obtained as a yellow solid (152.4 mg, 87% yield): m.p. 137.4-137.7 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.79 (d, J = 7.4 Hz, 1H), 9.30 (d, J = 9.4 Hz, 1H), 7.90 (d, J = 15.6 Hz, 1H), 
7.57-7.60 (m, 2H), 7.40-7.45 (m, 3H), 6.59 (d, J = 15.7 Hz, 1H). The 1H NMR spectral data are in 





This product was obtained as an orange solid (45.6 mg, 46% yield): m.p. 81.1-81.4 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.74 (s, 1H), 9.21 (d, J = 9.7 Hz, 1H), 6.57 (dd, J = 17.2, 0.6 Hz, 1H), 6.26 
(dd, J = 17.4, 10.7 Hz, 1H), 5.98 (dd, J = 10.5, 0.6 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 





This product was obtained as a yellow oil (99.0 mg, 86% yield): 1H NMR (400 MHz, CDCl3) δ 
9.30 (s, 1H), 9.11 (s, 1H), 2.37 (t, J = 7.3 Hz, 2H), 1.71 (sextet, J = 7.3 Hz, 2H), 0.98 (t, J = 7.4 
Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 173.7, 163.8, 38.6, 17.9, 13.7. HRMS (HESI) m/z: 
[M+H]+ calcd for (C10H11NO2+H)
+ 116.07061, found 116.07053. 
N-formyl-3-phenylpropanamide (12k) 
 
This product was obtained as a white solid (148.8 mg, 84% yield): m.p. 76.1-76.4 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.16 (s, 1H), 9.10 (s, 1H), 7.29-7.32 (m, 2H), 7.20-7.24 (m, 3H), 3.01 (t, J = 
7.6 Hz, 2H), 2.71 (t, J = 7.6 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 172.8, 163.5, 139.8, 
128.9, 128.5, 126.8, 38.4, 30.2. HRMS (ESI-TOF) m/z: [M+Na]+ calcd for (C10H11NO2+Na)
+ 
200.0682, found 200.0680. 




This product was obtained as a brown solid (45.9 mg, 33% yield): m.p. 156.7-157.5 °C; 1H NMR 
(400 MHz, CDCl3) δ 9.29 (d, J = 9.8 Hz, 1H), 8.92 (s, 1H), 7.605-7.611 (m, 1H), 7.42 (dd, J = 3.6, 
0.7 Hz, 1H), 6.64 (dd, J = 3.6, 1.7 Hz, 1H). The 1H NMR spectral data are in good agreement with 
the literature data.87 
N-formylthiophene-2-carboxamide (12m) 
 
This product was obtained as a brown solid (93.1 mg, 60% yield): m.p. 151.7-152.2 °C; 1H NMR 
(400 MHz, CDCl3) δ 10.10 (s, 1H), 9.35 (d, J = 9.8 Hz, 1H), 7.93 (dd, J = 3.9, 1.0 Hz, 1H), 7.74 
(dd, J = 5.0, 0.9 Hz, 1H), 7.21 (dd, J = 4.9, 4.0 Hz, 1H). The 1H NMR spectral data are in good 
agreement with the literature data.86 
N-formyl-2-(naphthalen-1-yl)acetamide (12n) 
 
This product was obtained as a yellow solid (91.7 mg, 43% yield): m.p. 147.8-148.8 °C; 1H 
NMR (400 MHz, CDCl3) δ 9.08 (d, J = 10.0 Hz, 2H), 8.00 (s, 1H), 7.88-7.93 (m, 3H), 7.55-7.59 
(m, 2H), 7.48 (t, J = 7.1 Hz, 1H), 7.42 (d, J = 6.9 Hz, 1H), 4.15 (s, 2H). 13C{1H} NMR (100 
MHz, CDCl3) δ 171.4, 162.4, 134.3, 132.0, 129.7, 129.3, 129.0, 128.4, 127.6, 126.8, 125.9, 
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123.3, 42.3. HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C13H11NO2+Na)






ICl-mediated Functionalization of β-Alkoxy Alkynes – Synthesis of 
α-Iodo-γ-chloro-ketones 
3.1 Introduction 
The α-Functionalization of carbonyl compounds refers to a straightforward and 
strategically simple method for the synthesis of many molecules and synthetic building blocks, 
such as amino acids (by amination), α-hydroxy acids (by hydroxylation), and α-halogenated 
products. The α-halogenated carbonyl compounds are valuable synthetic scaffolds in organic 
transformations, which have been widely used in asymmetric cross-coupling reactions88. A variety 
of methods have been developed for α-halogenation. However, the direct α-iodination of carbonyl 
compounds89is more difficult and less reports than chlorination and bromination reactions.  
The 1,3-dihalogenation provides more opportunities to conduct multifunctional 
compounds. Various research work has focused on the ring-opening of cyclopropane to α, γ -
halogenated ketones90. Barluenga’s group first reported 1,3-difunctionalization of cyclopropane 
by mercury (II) salts with iodine in 1987 and successfully made an α-iodo-γ-chloro-ketone (4-
chloro-2-iodo-1-phenylbutan-1-one) in 53% yield91. The current work utilized iodine 
monochloride as electrophilic iodine reagent with alkynes to form α-iodo-γ-chloro-ketones. There 
are several advantages to use this method, such as much greener, safer, milder, expanding scope 






Scheme 3.1 1,3-Iodofunctionalization of cyclopropane by mercury (II) salts with iodine. 
 
 
3.2 Results and Discussion  
At the early stage of the investigation, we examined the five-membered ring cyclization 
reaction between alkynyl alcohols (13) and iodine monochloride (ICl). Our previous research 
about ICl-mediated intramolecular electrophilic cyclization92 guided us to study it further. We 
aimed to explore ICl-induced intramolecular cyclization of alkoxyl alkynes (For instance, 14a). 
Even though Verma group93 reported a similar iodine-mediated cyclization of hydroxyalkynyl 
aldehydes in 2017. We found that mixing both reactants (alkoxyl alkynes and ICl) at room 
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temperature resulted in the formation of the cyclized furan with an excellent yield (97%) in 
trifluoroethyl alcohol/ diethyl ether (1:3) solvents (Scheme 3.2). 
Scheme 3.2 Previous electrophilic iodocyclization and ICl-mediated intramolecular electrophilic 
cyclization.  
 
During the temperature screening, we were able to achieve unexpected products - α-iodo-
γ-chloro-ketones - when mixing cooled alkoxy alkynes with 3 equivalents of ICl at -20 ℃ (Scheme 
3.3). Afterwards, our attempts to apply ICl with the simply alkynyl alcohols, that made through 
Sonogashira coupling between aryl halides and alkynes, were unsuccessful.  
Scheme 3.3 Purposed synthetic plans to approach α-iodo-γ-chloro-ketones. 
 
The screening investigation about formation of α-iodo-γ-chloro-ketones started from 
different temperatures in acetonitrile in 20 minutes. Initially, we tested the reactions from -10℃ to 
-45℃ and the best result obtained a 46% yield at -20℃ (Table 3.1, entry 3). We also examined 
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two or four equivalents of ICl in the reaction (Table 3.1, entries 5 and 6) but neither are better than 
entry 3. Afterwards, we continued to test the reaction in different solvents. Such as dichloroethane 
(DCE), dichloromethane (DCM), trifluoroethyl alcohol (TFE) and diethyl ether, which resulted in 
a 51%, 38%, 70% and 73% yields respectively (Table 3.1, entries 7, 8, 10 and 11). It is noteworthy 
that trifluoroethyl alcohol is a low nucleophilicity solvent and is easy to eliminate. It will help to 
improve nucleophile-selectivity to produce α-iodo-γ-chloro-ketones. No corresponding of product 
was formed when applying the reaction to pyridine (Table 3.1, entry 9). We subsequently tried the 
combination solvent of trifluoroethyl alcohol and diethyl ether, since both solvents performed good 
yields in the reaction. A 93% yield of 15a was obtained in 1:3 ratio mixture of trifluoroethyl alcohol 
and diethyl ether (Table 3.1, entry 12). Additionally, shortened reaction time decreased the yield 
to 45% (Table 3.1, entry 13).  
Table 3.1 Optimization of synthesis of α-iodo-γ-chloro-ketones from β-alkoxy alkynes.a 
 
Entry Temperature & Time Solvent Yieldb 
1 -45℃ for 20 min then rt for 90 min 
CH3CN 
26% 
2 -30℃ for 20 min then rt for 90 min 
CH3CN 
45% 
3 -20℃ for 20 min then rt for 90 min 
CH3CN 
46% 
4 -10℃ for 20 min then rt for 90 min 
CH3CN 
40% 
5c  -20℃ for 20 min then rt for 90 min 
CH3CN 
42% 





-20℃ for 20 min then rt for 90 min DCE    51% 
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8f -20℃ for 20 min then rt for 90 min DCM    38% 
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-20℃ for 20 min then rt for 90 min Pyridine    N.A. 
10g -20℃ for 20 min then rt for 90 min 
TFE 
   70% 
11 -20℃ for 20 min then rt for 90 min 
Et2O 
   73% 
12 -20℃ for 20 min then rt for 90 min 
TFE: Et2O 1:3 
   93% 
13 -20℃ for 5 min then rt for 90 min 
TFE: Et2O 1:3 
   45% 
a General procedure: alkoxy alkynes 14a (1 equivalent) and solvent (4 mL) were added in a 20 mL round bottom flask 
sealed with a rubber septa. The reaction mixture was cooled and stirred at the low temperature. Then ICl (3 equivalents) 
was added in the cooled mixture. b Yields isolated after column chromatography. c 4 equivalents of ICl applied in the 
reaction. d 2 equivalents of ICl applied in the reaction. e DCE stands for 1,2-dichloroethane. f DCM stands for 
dichloromethane. gTFE stands for trifluoroethyl alcohol.  
 
After determining the optimized conditions for functionalization of alkoxy alkynes, we 
examined the scope and generality of the reaction by employing a variety of aryl and heterocyclic 
compounds. They were well accommodated and obtained in good to excellent yields. Electron-
donating groups such as methoxy (MeO) and methyl groups (Me) were compatible for the reaction 
(Table 3.2, 15b-e). The reactions also took place smoothly when the aryl substrates attached 
halogen groups at ortho-position, such as bromine (Br). (Table 3.2, 15g). In addition, thienyl 
groups (Table 3.2, 15h) and naphthalene (Table 3.2, 15i) were well accommodated as well, 














   
   
a General procedure: alkoxy alkynes 14 (1 equivalent) and solvent (4 mL) were added in a 20 mL round bottom flask 
sealed with a rubber septa. The reaction mixture was cooled and stirred at the low temperature. Then ICl (3 equivalents) 
was added in the cooled mixture. b Yields isolated after column chromatography.  
 
To prove this functionalization of alkoxy alkynes unambiguously, we obtained single 
crystals of 15a. The X-ray crystallographic analysis confirmed the anticipated structure involving 
a carbonyl group and an iodine bearing the α-carbon and a chlorine bearing the γ-carbon. The 





Figure 3.1 X-ray structure of 15a in the solid state. Oxygen atom is O1, iodine atom is I1, and 
chlorine atom is Cl1. 
 
Regarding the mechanistic studies about ICl-mediated functionalization of alkoxy alkynes, 
we hypothesized that an intramolecular cyclization would occur spontaneously via a nucleophilic 
attack on alkynes to form the five-membered ring intermediate rather than an iodonium 
intermediate at low temperature. Then, chloride would attack the 5-position of furan to reopen the 
intermediate ring and afford the corresponding α-iodo-γ-chloro-ketones products (Scheme 3.4, 
Mechanism A). However, only furan products would be formed rapidly when both reactants are 
mixed at room temperature. Because iodine monochloride (ICl) is a very good electrophilic iodine 
and will initially attack triple bond to generate an iodonium intermediate, afterwards it will process 









Scheme 3.4 Proposed mechanisms for ICl-mediated β-alkoxyl alkynes: functionalization synthesis 




The ICl-mediated functionalization of β-methoxy alkynes to α-iodo-γ-chloro-ketones has 
been developed as an efficient, mild, and environmentally benign method. The method employs 




General Information for ICl-mediated β-Alkoxy Alkynes: Synthesis of α-Iodo-γ-chloro-
ketones 
All reactions were carried out in 100 mL round-bottom flasks, unless otherwise 
indicated.  All commercially available chemicals were used as received without further 
purification, unless otherwise noted. All 1H and 13C NMR spectra were recorded at 400 or 500 
MHz and 100 or 125 MHz, respectively, using CDCl3 as solvent.  The chemical shifts of all 
1H 
and 13C NMR spectra are referenced to the residual signal of CDCl3 (δ 7.26 ppm for the 
1H NMR 
spectra and δ 77.23 ppm for the 13C NMR spectra). The high-resolution mass analysis was carried 
out on high resolution mass spectrometers using electrospray ionization (ESI) method. Samples 
were dissolved in methanol and analyzed via flow injection into the mass spectrometer at a flow 
rate of 200 µL/min. The mobile phase was 90:10 methanol:water, with 0.1% formic acid. The 
melting points are uncorrected.    
General Procedure for the Preparation of Alkynyl Alcohols from Aryl Iodides  
 
An oven dried 100 mL round-bottom flask was charged with PdCl2(PPh3)2 (42.1 mg, 
0.06 mmol), CuI (5.7 mg, 0.03 mmol), aryl iodides (3.0 mmol), 3-butyn-1-ol (3.6 mmol) and 
triethylamine (10 mL). The flask was flushed with nitrogen and sealed with rubber septas. The 
reaction mixture was stirred at room temperature, overnight, until the disappearance of starting 
material was observed, as monitored by thin layer chromatography. The reaction mixture was 
diluted with diethyl ether (40 mL) and washed with brine (40 mL). The aqueous phase was then 
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extracted with diethyl ether (2 × 20 mL). The combined organic layers were dried over anhydrous 
MgSO4 and concentrated using a rotary evaporator under reduced pressure (20 mmHg). The 
resulting residue was purified by flash column chromatography on silica gel (eluent: 3/1: 
hexanes/ethyl acetate). 
4-phenylbut-3-yn-1-ol (13a)  
 
This product was obtained as a brown oil (429.8 mg, 98% yield): 1H NMR (500 MHz, CDCl3) δ 
7.41-7.42 (m, 2H), 7.29-7.30 (m, 2H), 3.82 (t, J = 6.5 Hz, 2H), 2.70 (t, J = 6.1 Hz, 2H), 1.91 (s, 
1H). The 1H NMR spectral data are in good agreement with the literature data.94 
4-(4-methoxyphenyl)but-3-yn-1-ol (13b)  
 
This product was obtained as a brown solid (497.0 mg, 94% yield): m.p. 59.0-59.4 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.33-7.35 (m, 2H), 6.80-6.83 (m, 2H), 3.78-3.81 (m, 5H), 2.67 (t, J = 6.0 Hz, 
2H), 1.97 (s, 1H). The 1H NMR spectral data are in good agreement with the literature data.94  




This product was obtained as a yellow oil (433.5 mg, 82% yield): 1H NMR (400 MHz, CDCl3) δ 
7.18 (t, J = 7.9 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.94-6.95 (m, 1H), 6.84 (dd, J= 8.2, 1.9 Hz, 1H), 
3.79 (t, J = 5.6 Hz, 2H), 3.77 (s, 3H), 2.67 (t, J = 6.5 Hz, 2H), 2.50 (s, 1H). The 1H NMR spectral 
data are in good agreement with the literature data.95 
4-(2-methoxyphenyl)but-3-yn-1-ol (13d)  
 
This product was obtained as a brown oil  (486.4 mg, 92% yield): 1H NMR (400 MHz, CDCl3) δ 
7.36 (d, J = 7.2 Hz, 1H), 7.20-7.24 (m, 1H), 6.80-6.87 (m, 2H), 3.82 (s, 3H), 3.78 (t, J = 5.7 Hz, 
2H), 3.24 (s, 1H), 2.69 (t, J = 5.5 Hz, 2H). The 1H NMR spectral data are in good agreement with 
the literature data.96 
4-(p-tolyl)but-3-yn-1-ol (13e)  
 
This product was obtained as a black oil (480.6 mg, 100% yield): 1H NMR (400 MHz, CDCl3) δ 
7.31 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 3.81 (t, J = 6.2 Hz, 2H), 2.68 (t, J = 6.2 Hz, 2H), 
2.34 (s, 3H), 1.86 (s, 1H). The 1H NMR spectral data are in good agreement with the literature 
data.96 




This product was obtained as an orange solid (463.0 mg, 82% yield): m.p. 66.2-66.7 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.83 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.5 Hz 2H), 3.85 (t, J = 5.4 Hz 2H), 
3.40 (s, 1H), 2.71 (t, J = 6.5 Hz, 2H), 2.56(s, 3H). The 1H NMR spectral data are in good agreement 
with the literature data.94  
4-(2-bromophenyl)but-3-yn-1-ol (13g)  
 
This product was obtained as a brown oil (580.7 mg, 86% yield): 1H NMR (500 MHz, CDCl3) δ 
7.57 (d, J = 8.0 Hz, 1H), 7.44 (dd, J = 7.7, 1.2 Hz, 1H), 7.24 (dd, J = 7.7, 0.6 Hz, 1H), 7.15 (td, J 
= 7.7, 1.4 Hz, 1H), 3.85 (t, J = 5.8 Hz, 2H), 2.74 (t, J = 6.5 Hz, 2H), 1.97 (s, 1H). The 1H NMR 
spectral data are in good agreement with the literature data.97  
4-(thiophen-2-yl)but-3-yn-1-ol (13h)  
 
This product was obtained as a black oil (452.1 mg, 99% yield): 1H NMR (400 MHz, CDCl3) δ 
7.19 (dd, J = 5.1, 1.1 Hz, 1H), 7.15 (dd, J = 3.6, 0.7 Hz, 1H), 6.94 (dd, J = 5.2, 3.7 Hz, 1H), 3.80 
(t, J = 6.4 Hz, 2H), 2.70 (t, J = 6.3 Hz, 2H), 2.21 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 
131.7, 127.0, 126.6, 123.5, 90.8, 75.6, 61.1, 24.2; HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
(C8H9OS)
+ 153.0369, found 153.0367. 
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4-(naphthalen-1-yl)but-3-yn-1-ol (13i)  
 
This product was obtained as a black oil (541.7 mg, 92% yield): 1H NMR (400 MHz, CDCl3) δ 
8.35 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.66 (dd, J = 7.1, 0.8 
Hz, 1H), 7.56-7.60 (m, 1H), 7.49-7.53 (m, 1H), 7.40 (dd, J = 8.2, 7.3 Hz, 1H), 3.91 (t, J = 6.4 Hz, 
2H), 2.85 (t, J = 6.4 Hz, 2H), 2.45 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 133.6, 133.4, 130.6, 
128.6, 128.5, 126.9, 126.6, 126.3, 125.4, 121.2, 91.5, 80.7, 61.6, 24.4. HRMS (ESI-TOF) m/z: 
[M+H]+ calcd for (C14H13O)
+ 197.0961, found 197.0959. 
General Procedure for the Preparation of β-Alkoxyl Alkynes from Alkynyl Alcohols 
 
An oven dried 100 mL round-bottom flask was charged with alkynyl alcohols (1.0 mmol), 
and iodomethane (283.9 mg, 2.0 mmol), sodium hydride (96.0 mg, 4.0 mmol) and tetrahydrofuran 
(15 mL). The flask was sealed with rubber septas. The reaction mixture was stirred at 0 ℃ for 2h, 
until the disappearance of starting material was observed, as monitored by thin layer 
chromatography. The reaction mixture was diluted with diethyl ether (40 mL) and washed with 
brine (40 mL). The aqueous phase was then extracted with diethyl ether (2 × 20 mL). The 
combined organic layers were dried over anhydrous MgSO4 and concentrated using a rotary 
evaporator under reduced pressure (20 mmHg). The resulting residue was purified by flash column 
chromatography on silica gel (eluent: 10/1: hexanes/ethyl acetate). 
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(4-methoxybut-1-yn-1-yl)benzene (14a)  
 
This product was obtained as a yellow oil (152.2 mg, 95% yield): 1H NMR (400 MHz, CDCl3) δ 
7.42-7.44 (m, 2H), 7.28-7.31 (m, 3H), 3.62 (t, J = 7.1 Hz, 2H), 3.44 (s, 3H), 2.72 (t, J = 7.1 Hz, 
2H). The 1H NMR spectral data are in good agreement with the literature data.98  
1-methoxy-4-(4-methoxybut-1-yn-1-yl)benzene (14b)  
 
This product was obtained as a colorless oil (173.1 mg, 91% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.34 (d, J = 8.8 Hz 2H), 6.80 (d, J = 8.7 Hz, 2H), 3.77 (s, 3H), 3.57 (t, J = 7.2 Hz, 2H), 3.39 (s, 
3H), 2.67 (t, J = 7.1 Hz, 2H); 13C{1H} NMR (125 MHz, CDCl3) δ 159.3, 133.1, 115.9, 113.9, 85.2, 
81.3, 71.2, 58.8, 55.3, 20.8. HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C12H14O2+H)
+ 191.1067, 
found 191.1065. 
1-methoxy-3-(4-methoxybut-1-yn-1-yl)benzene (14c)  
 
This product was obtained as a yellow oil (190.0 mg, 100% yield): 1H NMR (400 MHz, CDCl3) δ 
7.16 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.3 Hz, 1H), 6.94 (s, 1H), 6.81 (d, J = 8.4 Hz, 1H), 3.74 (s, 
3H), 3.56 (t, J = 6.9 Hz, 2H), 3.37 (s, 3H), 2.66 (t, J = 6.9 Hz, 2H); 13C{1H} NMR (100 MHz, 
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CDCl3) δ 159.3, 129.3, 124.7, 124.2, 116.6, 114.3, 86.7, 81.4, 70.8, 58.7, 55.1, 20.6; HRMS (ESI-
TOF) m/z: [M+H]+ calcd for (C12H14O2+H)
+ 191.1067, found 191.1065. 
1-methoxy-2-(4-methoxybut-1-yn-1-yl)benzene (14d)  
 
This product was obtained as a yellow oil (173.1 mg, 91% yield): 1H NMR (500 MHz, CDCl3) δ 
7.38 (dd, J = 7.8, 1.9 Hz, 1H), 7.23-7.26 (m, 1H), 6.84-6.89 (m, 2H), 3.87 (s, 3H), 3.62 (t, J = 7.3 
Hz, 2H), 3.41 (s, 3H), 2.76 (t, J = 7.2 Hz, 2H). 13C{1H} NMR (125 MHz, CDCl3) δ 160.1, 134.0, 
129.3, 120.5, 112.8, 110.7, 90.9, 77.8, 71.2, 58.9, 55.9, 21.2; HRMS (ESI-TOF) m/z: [M+Na]+  
calcd for (C12H14O2Na)
+ 213.0886, found 213.0884. 
1-(4-methoxybut-1-yn-1-yl)-4-methylbenzene (14e)  
 
This product was obtained as a yellow oil (160.3 mg, 92% yield): 1H NMR (400 MHz, CDCl3) δ 
7.30 (d, J = 7.3 Hz, 1H), 7.09 (d, J = 7.3 Hz, 2H), 3.59 (t, J = 6.9 Hz, 2H), 3.41 (s, 3H), 2.68 (t, J 
= 6.6 Hz, 2H), 2.33 (s, 3H). The 1H NMR spectral data are in good agreement with the literature 
data.99 




This product was obtained as a yellow oil (145.4 mg, 72% yield): 1H NMR (400 MHz, CDCl3) δ 
7.88 (d, J = 8.6 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 3.61 (t, J = 6.9 Hz, 2H), 3.42 (s, 3H), 2.72 (t, J 
= 6.9 Hz, 2H), 2.59(s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.6, 136.1, 132.0, 128.9, 128.4, 
90.8, 81.1, 70.8, 59.0, 26.8, 21.0; HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C13H14O2+H)
+ 
203.1067, found 203.1064. 
1-bromo-2-(4-methoxybut-1-yn-1-yl)benzene (14g)  
 
This product was obtained as a yellow oil (210.4 mg, 88% yield): 1H NMR (500 MHz, CDCl3) δ 
7.54 (dd, J = 8.0, 1.3 Hz, 1H), 7.42 (dd, J = 7.6, 1.7 Hz, 1H), 7.20 (td, J = 7.5, 1.3 Hz, 1H), 7.10 
(td, J = 7.9, 1.6 Hz, 1H), 3.62 (t, J = 6.9 Hz, 2H), 3.40 (s, 3H), 2.73 (t, J = 6.6 Hz, 2H); 13C{1H} 
NMR (125 MHz, CDCl3) δ 133.5, 132.4, 129.0, 127.0, 125.8, 125.6, 92.0, 80.3, 70.8, 58.9, 21.0; 
HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C11H11BrO+H)
+ 239.0066, found 239.0066. 
2-(4-methoxybut-1-yn-1-yl)thiophene (14h)  
 
This product was obtained as a yellow oil (71.5 mg, 43% yield): 1H NMR (400 MHz, CDCl3) δ 
7.18 (dd, J = 5.2, 1.2 Hz, 1H), 7.136-7.145 (m, 1H), 6.93 (dd, J = 5.0, 3.6 Hz, 1H), 3.59 (t, J = 6.7 
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Hz, 2H), 3.40 (s, 3H), 2.71 (t, J = 6.8 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 131.6, 127.0, 
126.4, 123.9, 91.0, 74.8, 70.8, 59.0, 21.1. HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C9H10OS+H)
+ 
167.0525, found 167.0524. 
1-(4-methoxybut-1-yn-1-yl)naphthalene (14i)  
 
This product was obtained as a yellow oil (189.3 mg, 90% yield): 1H NMR (400 MHz, CDCl3) δ 
8.51 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.83 (d, J = 8.1 Hz, 1H), 7.76 (dd, J = 7.3, 0.8 
Hz, 1H), 7.63-7.67 (m, 1H), 7.54-7.58 (m, 1H), 7.43-7.47 (m, 1H), 3.72 (t, J = 7.0 Hz, 2H), 3.47 
(s, 3H), 2.92 (t, J = 6.9 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 133.7, 133.4, 130.4, 128.4, 
126.8, 126.5, 125.4, 121.5, 91.9, 79.7, 71.2, 59.0, 21.2; HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
(C15H14O+H)
+ 211.1117, found 211.1112. 
General Procedure for the Preparation of α-Iodo-γ-chloro-ketones 
 
An oven dried 25 ml round-bottom flask was charged with alkoxyl alkynes (0.5 mmol, 1 
equiv.), iodine monochloride (1.5 mmol, 3 equiv.) and 2,2,2-trifluoroehtanol/ethyl ether (1 mL/3 
mL). The reaction mixture was stirred at -20 ℃ for 20 minutes and continued to stir the reaction 
at room temperature for 1.5 hours. The reaction mixture was diluted with 20 mL of ethyl ether and 
washed with saturated sodium thiosulfate (20 mL). The aqueous phase was extracted with ethyl 
ether (2 × 15 mL). The combined organic layers were dried over anhydrous Na2SO4 and 
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concentrated using a rotary evaporator under reduced pressure (20 mmHg). The subsequent residue 
was purified by flash column chromatography on silica gel (eluent: 10/1: hexanes/ethyl acetate) to 
afford the corresponding product. 
4-chloro-2-iodo-1-phenylbutan-1-one (15a) 
 
This product was obtained as a yellow solid (143.5 mg, 93% yield): 1H NMR (500 MHz, CDCl3) 
δ 8.01-8.03 (m, 2H), 7.59-7.62 (m, 1H), 7.49-7.52 (m, 2H), 5.69 (dd, J = 8.1, 6.1 Hz, 1H), 3.70-
3.77 (m, 2H), 2.45-2.65 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.1, 134.0, 133.9, 129.1, 





This product was obtained as a yellow oil (127.0 mg, 75% yield): 1H NMR (500 MHz, CDCl3) δ 
8.00 (d, J = 8.9 Hz, 2H), 6.96 (d, J = 8.9 Hz, 2H), 5.64 (dd, J = 8.1, 6.1 Hz, 1H), 3.88 (s, 3H), 3.69-
3.73 (m, 2H), 2.56-2.63 (m, 1H), 2.43-2.50 (m, 1H). 13C{1H} NMR (125 MHz, CDCl3) δ 192.7, 
164.2, 131.3, 126.6, 114.3, 55.8, 44.5, 37.3, 22.0. HRMS (ESI) calcd for (C11H12ClIO2+H)
+ 





This product was obtained as a colorless oil (159.1 mg, 94% yield): 1H NMR (400 MHz, CDCl3) 
δ 7.58-7.60 (m, 1H), 7.54-7.55 (m, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.13-7.15 (m, 1H), 5.66 (dd, J = 
8.1, 6.2 Hz, 1H), 3.87 (s, 3H), 3.70-3.74 (m, 2H), 2.46-2.64 (m, 2H). 13C{1H} NMR (100 MHz, 
CDCl3) δ 194.0, 160.2, 135.2, 130.0, 121.2, 120.5, 113.4, 55.7, 44.4, 37.2, 22.2. HRMS (ESI-TOF) 
m/z: [M+H]+ calcd for (C11H12ClIO2+H)
+ 338.9643, found 338.9632. 
4-chloro-2-iodo-1-(2-methoxyphenyl)butan-1-one (15d) 
 
This product was obtained as a light yellow oil (110.0 mg, 65% yield): 1H NMR (500 MHz, CDCl3) 
δ 7.77 (dd, J = 7.6, 1.6 Hz, 1H), 7.47-7.50 (m, 1H), 7.04 (td, J = 7.6, 0.9 Hz, 1H), 6.98 (d, J = 8.4 
Hz, 1H), 5.95 (t, J = 7.0 Hz, 1H), 3.94 (s, 3H), 3.68-3.76 (m, 2H), 2.51-2.54 (m, 2H). 13C{1H} 
NMR (125 MHz, CDCl3) δ 196.6, 158.2, 134.3, 132.1, 125.3, 121.2, 111.8, 55.9, 44.5, 37.2, 29.9. 
HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C11H13ClIO2)
+ 338.9643, found 338.9642. 
4-chloro-2-iodo-1-(p-tolyl)butan-1-one (15e) 
 
This product was obtained as a white solid (130.6 mg, 81% yield): m.p. 63.3-64.1°C; 1H NMR 
(400 MHz, CDCl3) δ 7.92 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 5.66 (dd, J = 8.0, 6.2 Hz, 
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1H), 3.70-3.74 (m, 2H), 2.45-2.60 (s, 2H), 2.43 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 193.7, 
145.1, 131.3, 129.8, 129.0, 44.5, 37.2, 22.2, 22.0. HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
(C11H13ClIO)
+ 322.9694, found 322.9691. 
1-(4-acetylphenyl)-4-chloro-2-iodobutan-1-one (15f) 
 
This product was obtained as a brown oil (122.7 mg, 70% yield): 1H NMR (400 MHz, CDCl3) δ 
8.04-8.10 (m, 4H), 5.68 (dd, J = 8.2, 6.3 Hz, 1H), 3.72-3.76 (m, 2H), 2.66 (s, 3H), 2.50-2.64 (m, 
2H).13C{1H} NMR (100 MHz, CDCl3) δ 197.5, 193.5, 140.8, 137.3, 129.1, 128.8, 44.3, 37.0, 27.1, 
22.3. HRMS (ESI-TOF) m/z: [M+H]+ calcd for (C12H13ClIO2)
+ 350.9643, found 350.9644. 
1-(2-bromophenyl)-4-chloro-2-iodobutan-1-one (15g) 
 
This product obtained as a yellow oil (147.2 mg, 76% yield): 1H NMR (500 MHz, CDCl3) δ 7.62 
(dd, J = 8.0, 1.3 Hz, 1H), 7.55 (dd, J = 7.6, 1.8 Hz, 1H), 7.39 (td, J = 7.6, 1.2 Hz, 1H), 7.33 (td, J 
= 7.7, 1.8 Hz, 1H), 5.64 (dd, J = 8.3, 5.8 Hz, 1H), 3.80-3.84 (m, 1H), 3.68-3.73 (m, 1H), 2.53-2.59 
(m, 2H). 13C{1H} NMR (125 MHz, CDCl3) δ 197.4, 139.1, 133.7, 132.4, 130.7, 127.6, 119.3, 44.2, 
36.5, 28.0. HRMS (ESI) calcd for (C10H9BrClIO+H)





This product was obtained as an orange oil (125.8 mg, 80% yield): 1H NMR (400 MHz, CDCl3) δ 
7.84 (dd, J = 3.9, 1.3 Hz, 1H), 7.70 (dd, J = 4.9, 1.1 Hz, 1H), 7.16 (dd, J = 4.9, 3.9 Hz, 1H), 5.54 
(dd, J = 7.9, 6.2 Hz, 1H), 3.68-3.74 (m, 2H), 2.44-2.60 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3) 
δ 187.5, 140.6, 135.3, 133.1, 128.6, 44.3, 37.3, 22.2. HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
(C8H9ClIOS)
+ 314.9102, found 314.9101. 
4-chloro-2-iodo-1-(naphthalen-1-yl)butan-1-one (15i) 
 
This product was obtained as a red oil (132.7 mg, 74% yield): 1H NMR (400 MHz, CDCl3) δ 8.37 
(d, J = 8.6 Hz, 1H), 8.03 (d, J = 8.3 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.85 (dd, J = 7.4, 0.9 Hz, 
1H), 7.62-7.66 (m, 1H), 7.55-7.59 (m, 1H), 7.49-7.53 (m, 1H), 5.81(t, J = 7.2 Hz, 1H), 3.72-3.84 
(m, 2H), 2.64-2.70 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 196.7, 134.12, 134.09, 133.5, 
131.3, 128.6, 128.3, 127.0, 126.1, 125.7, 124.4, 44.5, 37.3, 27.3. HRMS (ESI-TOF) m/z: [M+H]+ 
calcd for (C14H12ClIO+H)
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Crystal structures of compounds 3i, 4a, 4i and 7e 
The X-ray intensity data were measured on a Bruker Smart Breeze CCD system equipped 
with a graphite monochromator at 100(2) K, cooled by an Oxford Cryosystems 700 Series 
Cryostream. A total of 1464 frames were collected and were integrated with the Bruker SAINT 
software package, using a narrow-frame algorithm. Data were corrected for absorption effects 
using the multi-scan method (SADABS). The structures were solved and refined using the Bruker 
SHELXTL Software Package. Compound 3i requires comment, since the structure has been 
reported previously.100 The same space group and similar unit cell (at room temperature) were 
obtained in the earlier report, but the structure was solved as a disordered but symmetrical 
molecule, since the N, O, and phenyl rings could not be distinguished. With a low temperature 
device and perhaps aided by newer equipment, the present structure was solved as a complete 
molecule with a 1:1 disorder about the higher-symmetry special position. The data can be obtained 
free from Cambridge Crystallographic Data Centre via https://www.ccdc.cam.ac.uk/structures/  





Figure B2. Mercury plot of compound 4a with complete numbering of atoms. 
 
Figure B3. Mercury plot of compound 4i with complete numbering of atoms. 
 
The crystal of 7e compound was cleaved from a rectangular bar and mounted on a 200 
micron MiTeGen MicroMount in Paratone-N oil, and then cooled with an Oxford Cryosystems 
series 700 lowtemperature device. The X-ray intensity data were measured at 100(2) K on a Bruker 
Smart Breeze CCD system equipped with a graphite monochromator. A total of 1464 frames were 
collected, and the total exposure time was 2.44 hr. The frames were integrated with the Bruker 
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SAINT software package, using a narrow-frame algorithm. Data were corrected for absorption 
effects using the multi-scan method (SADABS). The structures were solved and refined using the 
Bruker SHELXTL Software Package. The data can be obtained free from Cambridge 
Crystallographic Data Centre via https://www.ccdc.cam.ac.uk/structures/ 
Figure B4. Mercury plot of compound 7e with complete numbering of atoms, with thermal 
ellipsoids drawn at the 50% probability level. 
 
 
Table B1. Crystallographic data of 7e. 
Chemical formula C15H18O4 
Formula weight 262.29 g/mol 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal size 0.608 x 0.620 x 0.678 mm 
Crystal system monoclinic 
Space group P21/n 
Unit cell dimensions a = 6.1597(5) Å 
 b = 21.6415(17) Å, β = 98.7540(10)° 
 c = 9.9582(8) Å 
Volume 1312.02(18) Å3 
Z 4 
Density (calculated) 1.328 g/cm3 




Theta range for data collection 1.88 to 27.10° 
Index ranges -7≤h≤7, -27≤k≤27, -12≤l≤12 
Reflections collected 15047 
Independent reflections 2883 [R(int) = 0.0204] 
Coverage of independent reflections 100.0% 
Absorption correction Multi-Scan 
Max. and min. transmission 0.9440 and 0.9380 
Structure solution technique direct methods 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2883 / 0 / 180 
Goodness-of-fit on F2 1.029 
Δ/σmax 0.001 
Final R indices (2694 data; I>2σ(I)) R1 = 0.0362, wR2 = 0.0921 






Largest diff. peak and hole 0.362 and -0.236 eÅ-3 
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